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(57) Abstract 

The present invention provides recombinant DNA comprising a transcription promoter and a downstream sequence to be expressed, 
in operable linkage therewith, wherein the transcription promoter comprises a region found upstream of the open reading frame of a 
highly expressed Phqffia gene, preferably a glycolytic pathway gene, more preferably the gene coding for Glyceraldehyde-3-Phosphatc 
Dehydrogenase. Further preferred recombinant DNAs according to the invention contain promoters of ribosomal protein encoding genes, 
more preferably v^rein the transcription promoter comprises a region found upstream of the open reading frame encoding a protein as 
represented by one of the amino acid sequences depicted in any one of SEQIDNOs: 24 to 50. According to a further aspect of the invention 
an isolated DNA sequence coding for an enzyme involved in the carotenoid biosynthetic pathway of Phaffia rhodozyma is provided, 
preferably wherein said enzyme has an activity selected from isopcntcnyl pyrophosphate isomcrase activity, gcranylgcranyl pyrophosphate 
synthase activity, phytocne synthase activity, phytocnc dcsaturase activity and lycopene cyclase activity, still more preferably those coding 
for an enzyme having an amino acid sequence selected from the one represented by SEQIDNO: 13. SEQIDNO: 15. SEQIDNO: 17. 
SEQIDNO: 19, SEQIDNO: 21 or SEQIDNO: 23. Further embodiments concern vectors, transformed host organisms, methods for making 
proteins and/or carotenoids. such as astaxanthin. and methods for isolating highly expressed promoters from Phaffia, 
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Improved methods for transforming Phaffia strains, transformed Phaffia 
strains so obtained and recombinant DNA in said methods 

Technical field 

The present invention relates to methods for transforming Phaffia yeast, transformed Phaffia 
strains, as well as recombinant DNA for use therein. 

Background of the invention 

Methods for transforming the yeast Phaffia rhodozyma have been disclosed in European patent 
application 0 590 707 A 1 . These methods involve incubation of protoplasts with DNA or incubation of 
Phaffia cells with DNA followed by lithium acetate treatment. The recombinant DNA used to transform 
Phcffia strains with either of these methods comprised a Phaffia actin gene promoter to drive expression 
of the selectable marker genes coding for resistance against G418 or phleomycin. The methods involve 
long PEG and lithium acetate incubation times and transformation frequencies are low. When protoplasts 
are used, the transformation frequency is dependent on the quality of the protoplast suspension, making 
the procedure less reliable. 

Recently a method for transforming Phaffia strains has been reported by Adrio J.L. and Veiga 
M.(July 1995. Biotechnology Techniques Vol. 9, No. 7, pp. 509-512). With this method the 
transfonnation frequencies are in the range of 3 to 13 transformants per Kig DNA, which is low. A 
further disadvantage of the method disclosed by these authors consists in increased doubling time of the 
transformed cells. The authors hypothesised that this may be due to interference of the autonomously 
replicating vector with chromosome replication. 

Clearly, there is still a need for a reliable and efficient method of transforming Phaffia strains 
with foreign DNA. It is an objective of the present invention to provide methods and means to achieve 
this. It is a further objective of the invention to optimize expression of certain genes in Phaffia 
rhodozyma in order to make Phaffia a more suitable production host for certain valuable compounds. 

Summary of the invention 
The invention provides a method for obtaining a transformed Phaffia strain, comprising the 
steps of contacting cells or protoplasts of a Phaffia strain with recombinant DNA under conditions 
conducive to uptake thereof, said recombinant DNA comprising a transcription promoter and a 
downstream sequence to be expressed which is heterologous to said transcription promoter, in operable 
linkage therewith, identifying Phaffia rhodozyma celts or protoplasts having obtained the said 
recombinant DNA in expressible form, wherein the transcription promoter comprises a region that is 
found upstream of the open reading frame of a highly expressed Phaffia gene. According to a preferred 
embodiment of the invention said highly expressed Phaffia gene is a glycolytic pathway gene, more 
preferably the glycolytic pathway gene is coding for Glyceraldehyde-3-Phosphate Dehydrogenase 
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(GAPDH).According to one aspect of the invention, said heterologous downstream sequence comprises 
an open reading frame coding for resistance against a selective agent, such as G4I8 or phleomycin. 

Another preferred method according to the invention is one. wherein said recombinant DNA 
comprises further a transcription terminator downstream from the said DNA to be expressed, in operable 
linkage therewith, which transcription terminator comprises a region found downstream of the open 
reading frame of a Fhaffia gene. It is still further preferred, that the recombinant DNA is in the form of 
linear DNA. 

Another preferred embodiment comprises, in addition to the steps above, the step of providing 
an electropulse after contacting of Phaffia cells or protoplasts with DNA. 

According to another embodiment the invention provides a transformed Phajfia strain capable 
of high-level expression of a heterologous DNA sequence, which strain is obtainable by a method 
according to the invention. Preferably, said Phaffia strain conuins at least 10 copies of the said 
recombinant DNA integrated into its genome, such as a chromosome, particulariy in the ribosomal DNA 
locus of said chromosome. 

The invention also provides recombinant DNA comprising a transcription promoter and a 
heterologous downstream sequence to be expressed, in operable linkage therewith, wherein the 
transcription promoter comprises a region found upstream of the open reading frame of a highly 
expressed Phaffia gene, preferably a glycolytic pathway gene, more preferably a gene coding for 
Glyceraldehyde-3-Phosphate Dehydrogenase. 

Also provided is recombinant DNA according to the invention, wherein the heterologous 
downstream sequence comprises an open reading frame coding for reduced sensitivity against a selective 
agent, preferably G418 or phleomycin. Said recombinant DNA preferably comprises further a 
transcription terminator downstream from the said heterologous DNA sequence to be expressed, in 
operable linkage therewith. 

Further aspects of the invention concern a microorganism harbouring recombinant DNA 
according to the invention, preferably Phaffia strains, more preferably Phaffia rhodozyma strains, as well 
as cultures thereof. 

According to still other preferred embodiments isolated DNA fragments are provided 
comprising a Phaffia GAPDH-gene, or a fragment thereof, as well as the use of such a fragment for 
making a recombinant DNA construct. According to one embodiment of this aspect said fragment is a 
regulatory region located upstream or downsu-eam of the open reading frame coding for GAPDH, and it 
is used in conjunction with a heterologous sequence to be expressed under the control thereof. 

The invention according to yet another aspect, provides a method for producing a protein or a 
pigment by culturing a Phaffia strain under conditions conducive to the production of said protein or 
pigment, wherein the Phaffia strain is a transformed Phaffia strain according to the invention. 

According to another aspect of the invention, a method for obtaining a transformed Phaffia 
strain, comprising the steps of 

contacting cells or protoplasts of a Phaffia strain with recombinant DNA under conditions 
conducive to uptake thereof. 
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said recombinant DNA comprising a transcription promoter and a downstream sequence to be 
expressed in operable linkage therewith^ 

identifying Plurffia rhodozyma cells or protoplasts having obtained the said recombinant DNA 
in expressible form, 

wherein the downstream sequence to be expressed comprises an isolated DNA sequence 
coding for an enzyme involved in the carotenoid biosynthetic pathway of Phaffia rhodozyma. Preferably, 
said enzyme has an activity selected from geranylgeranyl pyrophosphate synthase (crtE\ phytoene 
synthase (cr/B), phytoene desaturase (cr/I) and lycopene cyclase {crt\\ more preferably an enzyme 
having an amino acid sequence selected from the one represented by SEQIDNO: 13, SEQIDNO: 15, 
SEQIDNO: 17 and SEQIDNO: 19. According to a further embodiment, the transcription promoter is 
heterologous to said isolated DNA sequence, such as a glycolytic pathway gene in Phaffia, Especially 
preferred according to this embodiment is the GIyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) 
gene promoter. 

Also provided is a transformed Phaffia strain obtainable by a method according to the 
invention and capable of expressing, preferably over-expressing the DNA sequence encoding an enzyme 
involved in the carotenoid biosynthesis pathway gene. 

The invention is also embodied in recombinant DNA comprising an isolated DNA sequence 
according to the invention » preferably in the form of a vector 

Also claimed is the use of such a vector to transform a host, such as a Phaffia strain. 

A host obtainable by transformation, optionally of an ancestor, using a method according to 
any one of claims I to 5, wherein said host is preferably capable of over-expressing DNA according to 
the invention. 

According to a further embodiment a method is provided for expressing an enzyme involved 
in the carotenoid biosynthesis pathway, by culturing a host according to the invention under conditions 
conducive to the production of said enzyme. Also provided is a method for producing a carotenoid by 
cultivating a host according to the invention under conditions conducive to the production of carotenoid. 

The following figures further illustrate the invention. 

Description of the Figures 

Fig. I. Mapping of the restriction sites around the Phaffia rhodozyma GAPDH gene. Ethidium 
bromide stained 0.8 % agarose gel (A) and Southern blot of chromosomal DNA (B) and 
cosmid pPRGDHcosl (C) digested with several restriction enzymes and hybridized with the 
300-bp PCR fragment of the Phaffia rhodozyma GAPDH gene. Lane I. DNA x Kpnl\ 2, 
xPst\\ 3, xSmal; 4, xSph\\ L, lambda DNA digested with BstE\l\ 5, x&/l; 6, xXbaX and 7, 
\Xho\. 

The blot was hybridized in 6 x SSC, 5 x Denhardt's, O.l % SDS, 100 ng/ml herring sperm 
DNA at 65X and washed with 0.1 x SSC/0.1% SDS at 65*»C. Exposure time of the 
autoradiogram was 16 h for the cosmid and 48 h from the blot containing the chromosomal 
DNA. 
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Fig. 2. The organisation of two subclones; pPRGDH3 and derivative (A) and pPRGDH6 and 
derivatives (B) containing (a part of) the GAPDH gene of Phaffia rhodozyma. The PGR probe 
is indicated by a solid box. The direction and extent of the sequence determination is indicated 
by arrows. 

solid boxes: GAPDH coding sequence 

open box: 5' upstream and promoter region of GAPDH 

open box: 3' non-coding Phaffta rhodozyma GAPDH sequence 

solid line: GAPDH intron 

hatched box: Poly-linker containing sites for different restriction enzymes 
dotted line: deleted fragments 
Fig. 3. Cloning diagram of Phqffia transformation vector; pPR2. 

solid box: 5' upstream and promoter sequence of GAPDH 
hatched box: G418 
solid line: pUC]9 

open box: ribosomal DNA of Phqffia rhodozyma 

Only restriction sites used for cloning are indicated. 
Fig. 4. Construction of pPR2T from pPR2T. 

Solid box {BamW - HindiW fragment): GAPDH transcription terminator from Phaffia. 

All other boxes and lines are as in Fig. 3. Only relevant details have been depicted. 
Fig. 5. Detailed physical map of pGB-Ph9. bps = basepairs; rDNA ribosomal DNA locus of Phqffia; 

actpro 2 = actin transcription promoter, act. I 5* non-translated and aminoterminal region of 

the open reading frame; NON COD. = non-coding region downstream of G418-gene; 
Fig. 6. Detailed physical map of pPR2. GPDHpro = GAPDH transcription promoter region from 

Phqffia, Other acronyms as in Fig. 5. 
Fig. 7. Detailed physical map of pPR2T. Tgdh = GAPDH transcription terminator of Phqffia. All 

other acronyms as in Fig. 5 and 6. 
Fig. 8. Overview of the carotenoid biosynthetic pathway of Erwinia uredovora. 
Fig. 9. Representation of cDNA fragments and a restriction enzyme map of the plasmids pPRcrtE 

(A); pPRcrtB (B). pPRcrtI (C) and pPRcrtY (B). 

Detailed description of the invention 

The invention provides in generalised terms a method for obtaining a transformed Phqffia 
strain^ comprising the steps of 

contacting cells or protoplasts of a Phqffia strain with recombinant DNA under conditions 
conducive to uptake thereof, 

said recombinant DNA comprising a transcription promoter and a downsnream sequence to be 
expressed which is heterologous to said transcription promoter, in operable linkage therewith, 

identifying Phqffia rhodozyma cells or protoplasts having obtained the said recombinant DNA 
in expressible form. 
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wherein the transcription promoter comprises a region that is found upstream of the open 
reading frame of a highly expressed Phqffia gene. 

In order to illustrate the various ways of practicing the invention* some embodiments will be 
high-lighted and the meaning or scope of certain phrases will be elucidated. 

The meaning of the expression recombinant DNA is well known in the art of genetic 
modification, meaning that a DNA molecule is provided, single or double stranded* either linear or 
circular, nicked or otherwise, characterised by the joining of at least two fragments of different origin. 
Such joining is usually, but not necessarily done in vitro. Thus, within the ambit of the claim are 
molecules which comprise DNA from different organisms or different genes of the same organism, or 
even different regions of the same gene, provided the regions are not adjacent in nature. The 
recombinant DNA according to the invention is characterised by a transcription promoter found upstream 
of an open reading frame of a highly expressed Phqffia gene, fused to a heterologous DNA sequence. 
With heterologous is meant 'not naturally adjacent*. Thus the heterologous DNA sequence may be from 
a different organisms, a different gene from the same organism, or even of the same gene as the 
promoter, provided that the downstream sequence has been modified, usually in vitro. Such modification 
may be an insertion, deletion or substitution, affecting the encoded protein and/or its entrance into the 
secretory pathway, and/or its post-translational processing, and/or its codon usage. 

The strong transcription promoter according to the invention must be in operable linkage with 
the heterologous downstream sequence in order to allow the transcriptional and translational machinery 
to recognise the starting signals. The regions upstream of open reading frames of highly expressed 
Phaffia genes contain TATA-like structures which are positioned at 26 to about 40 nucleotides upstream 
of the cap-site; the latter roughly corresponds with the transcriptional start site. Thus in order to allow 
transcription of the heterologous downstream sequence to start at the right location similar distances are 
to be respected. It is common knowledge, however, that there is a certain tolerance in the location of the 
TATA-signal relative to the transcription start site. Typically, mRNAs of the eukaryotic type contain a 
5*-untranslated leader sequence (5*-utl), which is the region spanning the transcription start site to the 
start of translation; this region may vary firom 30 to more than 200 nucleotides. Neither the length nor 
the origin of the 5*-utl is very critical; preferably it will be between 30 and 200 nucleotides. It may be 
from the same gene as the promoter, or it may be from the gene coding for the heterologous protein. It 
is well known that eukaryotic genes contain signals for the tennination of transcription and/or 
polyadenylatton, downstream of the open reading frame. The location of the termination signal is 
variable, but will typically be between 10 and 200 nucleotides downstream from the translational stop 
site (the end of the open reading frame), more usually between 30 and 100 nucleotides downstream from 
the translational stop site. Although the choice of the transcription terminator is not critical, it is found, 
that the when the terminator is selected from a region downstream of a Phqffia gene, preferably of a 
highly expressed Phqffia gene, more preferably from the GAPDH-encoding gene, the level of expression, 
as well as the frequency of transfonnation is improved. 

It was found that significant numbers of clones were obtained which could grow on very high 
G4I8 concentrations (up to, and over, 1 mg/ml). Transcription promoters according to the invention are 
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said to be from highly expressed genes, when they can serve to allow growth of transformed Phaffia 
cells, when linked to a G418 resistance gene as disclosed in the Examples, in the presence of at least 200 
^ig/ml, preferably more than 400, even more preferably more than 600, still more preferably more than 
800 ng/ml of G418 in the growth medium. Examples of such promoters are, in addition to the promoter 
upstream from the GAPDH-gene in Phaffia, the promoters from Phaffia genes which are homologous to 
highly expressed genes from other yeasts, such as Pichia, Saccharomyces, Kluyveromyces, or fungi, such 
as Trichoderma, Aspergillus, and the like. Promoters which fulfill the requirements according to the 
invention, may be isolated from genomic DNA using molecular biological techniques which are, as such, 
all available to the person skilled in the art* The present invention provides a novel strategy for isolating 
strong promoters from Phaffia as follows. A cDNA-Iibrary is made from Phaffia mRNA, using known 
methods. Then for a number of clones with a cDNA insert, the DNA fragment (which represents the 
cDNA complement of the expressed mRNA) is sequenced. As a rule all fragments represent expressed 
genes from Phaffia, Moreover, genes that are abundantly expressed (such as the glycolytic promoters) 
are overrepresented in the mRNA population. Thus, the number of DNA-fragments to be sequenced in 
order to fmd a highly expressed gene, is limited to less than 100, probably even less than 50. The 
sequencing as such is routine, and should not take more than a couple of weeks. The nucleotide 
sequences obtained from this limited number of fi^gments, is subsequently compared to the known 
sequences stored in electronic databases such as EMBL or Geneseq. If a fragment shows homology of 
more than 50% over a given length (preferably more than 100 basepairs) the fragment is likely to 
represent the Phaffia equivalent of the gene found in the electronic database. In yeasts other than 
Phaffia, a number of highly expressed genes have been identified. These genes include the glycolytic 
pathway genes, phosphoglucoisomerase. phosphofructokinase, phosphotrioseisomerase, 
phosphoglucomutase, enolase, pyruvate kinase, alcohol dehydrogenase genes (BP 120 551, EP 0 164 
556; Rosenberg S. ei ai, 1990, Meth. EnzymoL: 185, 341-351; Tuiie M.F. 1982, EMBO J. 1, 603-608; 
Price V. et ah, 1990, Meth. Enzymol. 185, 308-318) and the galactose regulon (Johnston. S.A. et aL. 
1987, Cell 50, 143-146). Accordingly, those Phaffia cDNA firagments that are significamiy homologous 
to the highly expressed yeast genes (more than 40%, preferably more than 50% identity in a best match 
comparison over a range of more than 50, preferably more than 100 nucleotides) should be used to 
screen a genomic library from Phaffia, to find the corresponding gene. Employing this method, 14 higly 
expressed mRNAs from Phaffia rhodozyma have been copied into DNA, sequenced, and their (putative) 
open reading frames compared to a nucleic acid and amino amino acid sequence databases. It turned out 
that 13 out of these fourteen cDNAs coded for ribosomal protein genes, of which one coded 
simultaneously to ubtquitin; one cDNA codes for a glucose-repressed gene. The isolation of the genes 
and the promoters usually found upstream of the coding regions of these genes is now underway, and it 
is anticipated that each of these transcription promoters may advantageously be used to express 
heterologous genes, such as carotenoid biosynthesis genes. Among the genes and transcription promoters 
especially preferred according to this invention are the promoter found upstream of the ubiquitin- 
ribosomal 40S protein corresponding to the cDNA represented in SEQIDNOrlO, the glucose-repressed 
cDNA represented in SEQlDNO:26, the 4QS ribosomal protein S27 encoding cDNA represented in 
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SEQIDNO:28. the 60S ribosomal protein Pla encoding cDNA represented by SEQIDNO:30, the 60S 
ribosomal protein L37e encoding cDNA represented in S£QIDNO:32, the 60S ribosoma] protein L27a 
encoding cDNA represented in SEQIDNO:34, the 60S ribosomal protein L25 encoding cDNA 
represented in SEQIDNO:36, the 60S ribosomal protein P2 encoding cDNA represented in 
SEQ1DN0:38, the 40S ribosomal protein SI7A/B encoding cDNA represented in SEQIDNO:40, the 40S 
ribosomal protein S3 1 encoding cDNA represented in SEQIDKO:42, the 40S ribosomal protein SIO 
encoding cDNA represented in SEQIDNO:44, the 60S ribosomal protein L37A encoding cDNA 
represented in SEQlDNO:46, the 60S ribosomal protein L34 encoding cDNA represented in 
SEQIDNO:48, or the 40S ribosomal protein S)6 encoding cDNA represented in SE0IDNO:50. 

Promoters from these or other highly expressed genes can be picked up by the method 
according to the invention using only routine skills of (a) making a cDNA library on mRNA isolated 
from a Phaffia strain grown under desired conditions, (b) determining (part oO the nucleotide sequence 
of the (partial) cDNAs obtained in step (a), (c) comparing the obtained sequence data in step (b) to 
known sequence data, such as that stored in electronic databases, (d) cloning putative promoter fragments 
of the gene located either directly upstream of the open reading frame or directly upstream of the 
transcription start site of the gene corresponding to the expressed cDNA, and (e) verifying whether 
promoter sequences have been obtained by expressing a suitable marker, such as the G418 resistance 
gene, or a suitable non-selectable *'reporter" sequence downstream from a fragment obtained in (d), 
transforming the DNA into a Phaffia rhodozyma strain and determining the level of expression of die 
marker gene or reporter sequence of transformants. A transcriptional promoter is said to be of a highly 
expressed gene if it is capable of making Phaffia rhodozyma cells transformed with a DNA construct 
comprising the said promoter linked uptream of the G4i8 resistance marker resistant to G418 in 
concentrations exceeding 200 ^g per liter culture medium, preferably at least 400, more prefereably 
more than 600 ^g/1. Especially preferred promoters are those conferring resistance against more than 800 
fig/ml G418 in the growth medium. 

Optionally, the transcriptional start site may be determined of the gene corresponding to the 
cDNA corresponding to a highly expressed gene, prior to cloning the putative promoter sequences; this 
may serve to locate the transcriptional initiation site more precisely, and moreover, helps to determine 
the length of the 5 '-non-translated leader of the gene. To determine the location of the transcription start 
site, reverse primer extension, or classical SI -mapping may be performed, based on the knowledge of the 
cDNA sequence. Thus the exact location of the transcription promoter can be determined without undue 
burden, and the isolation of a fragment upstream of the transcription start site and containing the 
promoter, from a hybridising genomic clone (for example a phage or cosmid) is routine. Cloning the 
putative promoter fragment in front (upstream) of the coding region of, for example the G418-resistance 
gene, and transforming the g^e cassette to Phaffia in order to evaluate the level of G418 resistance, and 
hence the level of expression of the G4]8-resistance gene as a consequence of the presence of the 
promoter is routine. 

In a manner essentially as described for the isolation of other strong promoters, above, a 
transcription terminator may be isolated, with the proviso, that the terminator is located downstream 
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from the open reading frame. The transcription stop site can be determined using procedures which are 
essentially the same as for the determination of the transcription start site. All these procedures are well 
known to those of skill in the art. A useful handbook is Nucleic Acid Hybridisation, Edited by B.D. 
Hames & SJ. Higgins, IRL Press Ltd., 1985; or Sambrook, sub. However, it is not critical that the 
transcription terminator is isolated from a highly expressed Phqffta gene, as long as it is from an 
expressed gene. 

Using recombinant DNA according to the invention wherein the open reading frame codes for 
reduced sensitivity against G418, a transformation frequency was obtained up to 160 transformants per 
^g of linear DNA, at a G418 concentration in the medium of 40 ^g/ml. 

About 10 to 20 times as much transformed colonies were obtained with the vector according 
to the invention (pPR2) than with the prior art vector pGB-Ph9, disclosed in EP 0 590 707 A I (see 
Table 2; in the experiment of Example 7, the improvement is even more striking). 

The method according to the invention calls for conditions conducive to uptake of the 
recombinant ON A. Such conditions have been disclosed in EP 509 707. They include but are not limited 
to the preparation of protoplasts using standard procedures known to those of skill in the art, and 
subsequent incubation with the recombinant DNA. Alternatively, Phaffia cells may be incubated 
overnight in the presence of LiAc and recombinant DNA. Still further alternative methods involve the 
use of particle acceleration. According to a preferred embodiment, the conditions conducive to uptake 
involve electroporation of recombinant DNA into Phqffta cells, such as described by Faber et al., (1994, 
Current Genetics 25, 305-310). Especially preferred conditions comprise electroporation, wherein the 
recombinant DNA comprises Phaffia ribosomal DNA, said recombinant DNA being in the linear form, 
most preferably by cleaving said recombinant DNA in the said ribosomal region. Still further preferred 
conditions, comprise the use of recombinant DNA in amounts of between 1 and 10 per 10* cells, 
more preferably about 5^g recombinant DNA is used per 2x10' cells, 
which are cultivated for 16 h at 21*'C. 

Onz^ cells have been transformed according to the method, identification of transformed cells 
may take place using any suitable technique. Thus, identification may be done by hybridisation 
techniques, DNA amplification techniques such a polymerase chain reaction using primers based on the 
recombinant DNA used, and the like. A preferred method of identifying transformed cells is one which 
employs selection for the recombinant DNA that comprises a gene coding for reduced sensitivity against 
a selective agent. A useful selective agent is 0418, hygromycin, phleomycin and amdS. Genes that code 
for reduced sensitivity against these selective agents are well known in the art. The open reading frames 
of these genes may be used as the heterologous downstream sequence according to the invention, 
allowing selective enrichment of transformed cells, prior to identification of transformed cells. Once 
transformed ceils have been identifled they may used for further manipulation, or used directly in the 
production of valuable compounds, preferably in large scale fermentors. 

It will be clear, that a very efficient method for transforming Phaffia strains has been 
disclosed. Moreover, not only the frequency of transfonmation is high, the expression levels of the 
transforming DNA is very high as well, as is illustrated by the exceptionally high resistance against 
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G418 of the transformed Phqffia cells when the open reading frame of the G418-resistance gene was 
fused to a promoter according to the invention when compared to the G418 resistance gene under control 
of the actin promoter in pGB-Ph9. It is concluded, therefore, that the GAPDH-promoter is a high-level 
transcriptional promoter that can be suitably used in conjunction with any heterologous DNA sequence, 
in order to reach high expression levels thereof in Phqffia strains. 

It will be clear that the availability of new expression tools, in the form of the recombinant 
DNA according to the invention, creates a wealth of possibilities for producing new and valuable 
biomolecules in Phqffia. 

Preferably, the downstream sequence comprises an open reading frame coding for proteins of 
interest. For example genes already present in Phqffia^ such as those involved in the carotenoid pathway, 
may be manipulated by cloning them under control of the high-level promoters according to the 
invention. Increased expression may change the accumulation of intermediates and/or end-products or 
change the pathway of Q-carotene, cantaxanthin, astaxanthin and the like. The overexpression of the crtB 
gene from Erwinia uredovora will likely increase astaxanthin levels, as the product of this gene is 
involved in the rate limiting step. The expression of a protein of interest may also give rise to 
xanthophylls not known to be naturally produced in Phqffia^ such as zeaxanthin. An open reading frame 
that may be suitably employed in such a method includes but is not limited to the one encoding the 
protein producing zeaxanthin (crtZ gene) obuined from Erwinia uredovora (Misawa et al.l990. 
J.Bacteriol. 172 : 6704-6712). Other carotenoid synthesis genes can be obtained for example from 
Flavobacterium (a gram-positive bacterium), Synechococcus (a cyanobacterium) or Chiamydomonas or 
Dunaliella (algae). Obviously, carotenoid synthesis genes of a Phqffia strain, once the genes have been 
isolated and cloned, are suitably cloned into a recombinant DNA according to the invention and used to 
modify the carotenoid content of Phqffia strains. Examples of cloned carotenoid genes that can suitably 
be overexpressed in Phqffia^ are those mentioned in Fig. 8. Particularly useful is cr/E from Phycomyces 
blakesleanus, encoding Geranytgeranyl Diphosphate Synthase, and cr/B, encoding phytoene synthase, as 
this step appears to be the rate-limiting step in carotenoid synthesis in Thermus ihermophylus (Hoshino 
T. et ai., 1994, Journal of Feraicntation and Bioengineering 77, No. 4, 423-424). Especially preferred 
sources to isolate carotenoid biosynthetic genes or cDNAs from are the fungi Neurospora crassa, 
Blakeslea trispora. Other yeasts shown to possess cross-hybrising species of carotenoid biosynthetic 
genes are Cystojylobasidium, e.g. bisporidii and capitatum. 

Carotenoid biosynthesis genes have also been identified in plants; these plant cDNAs or genes 
from plants may be used as well. Optionally, the codon usage of the Phaffia genes or cDNAs may be 
adapted to the prefetred use in the host organism. 

Of special interest according to the present invention, are the DNA sequences coding for four 
different enzymes in the carotenoid biosynthesis pathway of Phqffia rhodozyma, represented in the 
sequence listing. It will be clear to those having ordinary skill in the art, that once these DNA sequences 
have been made available it will be possible to bring about slight modifications to the DNA sequence 
without modifying the amino acid sequence. Such modifications are possible due to the degeneracy of 
the genetic code. Such modifications are encompassed in the present invention. However, also 
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modifications in the coding sequences are envisaged that create modifications in the amino acid sequence 
of the enzyme. It is well known to those of skill in the art that minor modifications are perfectly 
permissible in terms of enzymatic acitivty. Most changes, such as delections, additions or amino acid 
substitutions do not affect enzymatic acitivity, at least not dramatically. Such variants as comprise one or 
more amino acid deletions, additions or substitutions can readily be tested using the complementation 
lest disclosed in the specification. The skilled person is also femiliar with the term "conservative amino 
acid substitutions", meaning substitutions of amino acids by similar amino acids residing in the same 
group. The skilled person is also familiar with the term "allelic variant", meaning naturally occurring 
variants of one particular enzyme. These conservative substitutions and allelic enzyme variants do not 
depart from the invention. 

As stated, at the DNA level considerable variation is acceptable. Although the invention 
discloses four DNA sequences, as represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 16, 
SEQIDNO: 18, SEQIDNO:20, or SEQIDNO: 22, in detail also isocoding variams of the DNA sequence 
represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 16, SEQIDNO: 18, SEQIDNO: 20, or 
SEQIDNO: 22, are encompassed by the present invention. Those of skill in the art would have no 
difficulty in adapting the nucleic acid sequence in order to optimize codon usage in a host other than F. 
rhodozyma. Those of skill in the art would know how to isolate allelic varianu of a DNA sequence as 
represented in SEQIDNO: 12. SEQIDNO: 14, SEQIDNO: 16, SEQIDNO: 18, SEQIDNO: 20, or 
SEQIDNO: 22 from related Phaffia strains. Such allelic variants clearly do not deviate from the present 
invention. 

Furthermore, using the DN A sequences disclosed in the sequence listing, notably SEQIDNO: 
12. SEQIDNO: 14, SEQIDNO: 16 or SEQIDNO: 18, as a probe, it will be possible to isolate 
corresponding genes form other strains, or other microbial species, or even more remote eukaryotic 
species if desired, provided that there is enough sequence homology, to detect the same using 
hybridisation or amplification techniques known in the art. 

Typically, procedures to obtain similar DNA fragments involve the screening of bacteria or 
bacteriophage plaques transformed with recombinant plasmids containing DNA fragments from an 
organism known or expected to produce enzymes according to the invention. After in situ replication of 
the DNA, the DNA is released from the cells or plaques, and immobilised onto filters (generally nitro- 
cellulose). The filters may then be screened for complementary DNA fragments using a labeled nucleic 
acid probe based on any of the sequences represented in the sequence listing. Dependent on whether or 
not the organism to be screened for is distantly or closely related, the hybridisation and washing 
conditions should be adapted in order to pick up true positives and reduce the amount of false positives. 
A typical procedure for the hybridisation of filter-immobilised DNA is described in Chapter 5, Table 3. 
pp. 120 and 121 in: Nucleic acid hybridisation- a practical approach, B-D. Hames & S.J. Higgins Eds., 
1985, IRL Press, Oxford). Although the optimal conditions are usually determined empirically, a few 
useful rules of thumb can be given for closely and less closely related sequences. 

In order to identify DNA fragments very closely related to the probe, the hybridisation is 
performed as described in Table 3 of Hames & Higgins, supra, (the essentials of which arc reproduced 
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below) with a final washing step at high stringency in 0. 1 * SET buffer (20 times SET =^ 3M NaCl, 20 
mM EDTA. 0.4 M Tris-HCl, pH 7.8), 0.1% SDS at 68' Celsius). 

To identify sequences with limited homology to the probe the procedure to be followed is as 
in Table 3 of Hames & Higgtns, supra^ but with reduced temperature of hybridisation and washing. A 
fmai wash at 2 * SET buffer, 50^C for example should allow the identification of sequences having 
about 75% homology. As is well known to the person having ordinary skill in the art, the exact 
relationship between homology and hybridisation conditions depend on the length of the probe, the base 
composition (% of G + C) and the distribution of the mismatches; a random distribution has a stronger 
decreasing effect on T„ then a non-random or clustered pattern of mismatches. 

The essentials of the procedure described in Table 3, Chapter 5 of Hames & Higgins are as 

follows: 

(1) prehybndisation of the fillers in the absence of probe, (2) hybridisation at a temperature between 50 
and in between 0.1 and 4 SET buffer (depending on the stringency), 10 * Denhardt*s solution 
(100 * Denhardt*s solution contains 2% bovine serum albumin, 2% FicolL 2% polyvinylpyrrolidone), 
0.1% SDS, 0.1% sodiumpyrophosphate, 50 ^g/mi salmon speim DNA (from a stock obtainable by 
dissolving 1 mg/ml of salmon sperm DNA, sonicated to a length of 200 to 500 bp, allowed to stand in a 
water bath for 20 min., and diluted with water to a final concentration of 1 mg/ml); hybridisation time is 
not too critical and may be anywhere between 1 and 24 hours, preferably about 16 hours (o/n); the probe 
is typically labeled by nick-translation using "P as radioactive label to a specific activity of between 5 * 
10' and 5 * 10* c.p.m./ng; (3) (repeated) washing of the filter with 3 » SET, 0.1% SDS, 0.1% 
sodiumpyrophosphate at 68**C at a temperature between SO'^C and 68**C (dependent on the stringency 
desired), repeated washing while lowering the SET concentration to 0.1%., wash once for 20 min. in 4 * 
SET at room temperature, drying filters on 3MM paper, exposure of filters to X-ray film in a cassette at 
*70°C for between 1 hour and 96 hours, and developing the film. 

Generally, volumina of prehybndisation and hybridisation mixes should be kept at a 
minimum. All *'wet" steps may be carried out in little sealed bags in a pre-heated water bath. 

The above procedure serves to defme the DNA fragments said to hybridise according to the 
invention. Obviously, numerous modifications may be made to the procedure to identify and isolate 
DNA fragments according to the invention. It is to be understood, that the DNA fragments so obtained 
fall under the terms of the claims whenever they can be detected following the above procedure, 
irrespective of whether they have actually been identified and/or isolated using this procedure. 

Numerous protocols, which can suitably be used to identify and isolate DNA fragments 
according to the invention, have been described in the literature and in handbooks, including the quoted 
Hames & Higgins, supra). 

With the advent of new DNA amplification techniques, such as direct or inverted PCR, it is 
also possible to clone DNA fragments in vitro once sequences of the coding region are known. 

Also encompassed by the claims is a DNA sequence capable, when bound to nitrocellulose 
filter and af^er incubation under hybridising conditions and subsequent washing, of specifically 
hybridising to a radio-labelled DNA fragment having the sequence represented in SEQIDNO: 12, 
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SEQIDNO: 14. SEQIDNO: 16 or SEQIDNO: 18, as delectable by autoradiography of the filter after 
incubation and washing, wherein said incubation under hybridising conditions and subsequent washing is 
performed by incubating the filter-bound DNA at a temperature of at least 50°C, preferably at least 
55*^0, more preferably at least 60*C in the presence of a solution of the said radio-labeled DNA in 0.3 
M NaCI, 40 mM Tris-HCl, 2 mM EDTA, 0.1% SDS. pH 7.8 for at least one hour, whereafter the filter 
is washed at least twice for about 20 minutes in 0.3 M NaCl, 40 mM Tris-HCI, 2 mM EDTA, 0.1% 
SDS. pH 7.8, at a temperature of 50*^C, preferably at least 55«C, monj preferably at least dO'^C, prior to 
autoradiography. 

The heterologous DNA sequence according to the invention may comprise any open reading 
frame coding for valuable proteins or their precursors, like pharmaceutical proteins such as human serum 
albumin, IL-3, insulin, factor VIII, tPA, EPO, a-interferon, and the like, detergent enzymes, such as 
proteases and lipases and the like, cell wall degrading enzymes, such as xylanases, pectinases, cellulases, 
glucanases, polygalacturonases, and the like, and other enzymes which may be useftil as additives for 
food or feed (e.g. chymosin, phytases, phospholipases, and the like). Such genes may be expressed for 
the purpose of recovering the protein in question prior to subsequent use, but sometimes this may not be 
necessary as the protein may be added to a product or process in an unpurified form, for example as a 
culture nitrate or encapsulated inside the Phc^ia cells. 

The yeast cells containing the carotenoids can be used as such or in dried form as additives to 
animal fce± Furthcnnore, the yeasts can be mixed with other compounds such as proteins, carbohydrates 
or oils. 

Valuable substances, such as proteins or pigments produced by virtue of the recombinant DNA 
of the invention may be extracted. Carotenoids can also be isolated for example as described by Johnson 
et al. (Appl. Environm. Microbiol. 35: 1155-1159 (1978)). 

Purified carotenoids can be used as colorants in food and/or feed. It is also possible to apply 
the carotenoids in cosmetics or in pharmaceutical compositions. 

The heterologous downstream sequence may also comprise an open reading frame coding for 
reduced sensitivity against a selective agent. The open reading frame coding for an enzyme giving G418 
resistance was used satisfactorily in the method according to the invention, but the invention is not 
limited to this selection marker. Other useftil selection markers, such as the phleomycin resistance gene 
may be used, as disclosed in EP 590 707. Each of these genes is advantageously expressed under the 
control of a strong promoter according to the invention, such as the GAPDH-promoter. 

The invention is now being illustrated in greater detail by the following non-limitative 

examples. 

Experimental 

Strains: £. coli DH5a: 5«pE44/acU169 (80/flcZM15) hsdKM recK\ endAl gyrA96 thi-l relA\ 
E. coli LE392: «(pE44 *ttpF58 /isdR5!4 ga/K2 gatni mem irpKSS lacYX 
P. rhodozyma CBS6938 

Plasmids: 

pUCI9(GibcoBRL) 



SUBSTITUTE SHEET (RULE 26) 



wo 97/23633 



13 



PCT/EP96/05887 



pTZ19R 
PUC-G418 

pGB-Ph9 (Gist-brocades) 
pMT6 (1987, Breter H.-J.» Gene 53, 181-190)) 
Media: LB: 10 g/l bacto tryptone, 5 g/1 yeast extract, 10 g/1 NaCl. Plates; +20 g/1 bacto agar. When 
appropriate SO ^g/ml ampjciilin. 

YePD: 10 g/1 yeast extract, 20 g/1 bacto peptone, 20 g/1 glucose. Plates; +20 g/1 bacto agar. 
When appropriate 50 ng/mi Genelicin (G418). 

Methods : All molecular cloning techniques were essentially carried out as described by Sambrook et ai 
in Molecular Cloning: a Laboratory Manual, 2nd Edition (1989; Cold Spring Harbor Laboratory Press). 

Enzyme incubations were perfonned following instructions described by the manufacturer. 
These incubations include restriction enzyme digestion, dephosphorylation and ligation (Gibco BRL). 

Isolation of chromosomal DNA from Phaffia rkodozyma as described In example 3 of patent 
Gist-brocades; EP 0 590 707 AI. Chromosomal DNA from K. lactis and S.cerevisiae was isolated as 
described by Cryer ct al.(Methods in Cell Biology \2: 39, Prescott DM, (ed.) Academic Press, New 
York). 

Isolation of large (> 0.5-kb) DNA fragments from agarose was performed using the Geneclean 
II Kit whereas small (< 0.5-kb) and DNA fragments or fragments from PCR mixtures were isolated 
using Wizard™ DNA Clean-Up System (Promega). 

Transformation of £. coii was performed according to the CaCK method described by 
Sambrook ei ai. Packaging of cosmid ligations and transfection to £. coli LE392 was carried out using 
the Packagene Lambda DNA Packaging System (Promega), following the Promega protocols. 

Isolation of plasmid DNA from £. coli was performed using the QIAGEN (Westburg B.V. 

NL). 

Transformation of Phaffia CBS6938 was done according to the method for H. poiymorpha 
described by Faber et al.^ supra; 
' Inoculate 30 ml of YePD with I CBS6938 colony 

- Grow 1-2 days at 2rC, 300 rpm (pre-culture) 

- Inoculate 200 ml of YePD with pre-culture to OD^o = between 0 and 1 (if above I dilute with water) 

- Grown o/n at 21''C, 300 rpm until ODmo - 1-2 (dilute before measuring) 

- Centrifuge at 5 min. 8000 rpm, room temperature. Remove supernatant thoroughly 

- Resuspend pellet in 25 ml 50 mM KPi pH 7.0, 25 mM DTT (fireshly made) 

Transfer suspension to a fresh sterile 30 ml centrifuge tube and incubate for 15 min. at room temperature 

- Centrifuge 5 min. at 8000 rpm 4'*C, remove supernatant thoroughly 

• Resuspend pellet in 25 ml of ice cold STM (270 mM sucrose, 10 mM Tris pH 7.5, I mM MgClj) 

- Centrifuge 5 min. at 8000 rpm, 4*C 

- Repeat washing step 

- Resuspend cells in 0.5 ml of ice cold STM (3*10' cells/ml). Keep on ice! 
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- Transfer 60 ^1 of cell suspension to pre-cooled Eppendorf tubes containing 5 transforming DNA 
(use precooled tips!). Keep on ice 

-Transfer Cell/DNA mix to precooled eiectroporation cuvettes (top to bottom) 
-Pulse: 1.5 kV, 400 0,25 nF 

- Immediately add 0.5 ml of ice cold YePD. Transfer back to ep using a sterile Pasteur pipette 

- incubate 2.5 hrs at 2!'*C 

- Plate 100 fxl onto YePD-plates containing 40 \igfm\ G418 

- Incubate at 2I**C until colonies appear. 

Pulsed Field Electrophoresis was performed using a GENE Navigator + accessories 
(Pharmacia). Conditions: 0J5 ♦ TBE, 450 V, pulse time 0.5 s, 1.2% agarose, run time 2 h. 

Polymerase Chain Reaction (PCR) experiments were performed in mixtures having the 
following composition: 

- 5 ng of plasmid DNA or I pg chromosomal DNA 

- 0.5 fig of oligo nucleotides (5 ^g degenerated oligo's in combination with chromosomal 
DNA) 

- 10 nm of each dNTP 

- 2.5 fim KCJ 

- 0.5 fitn Tris pH 8.0 

- 0.1 /im MgCI2 

- 0.5 ^g gelatin 

- 1.3 U Tag polymerase (5 U in combination with chromosomal DNA) 
HjO was added to a total volume of 50 ^i 

Reactions were carried out in an automated thermal cycler (Perkin-Elmer). 
Conditions: 5 min. 95**C , followed by 25 repeated cycli; 2' 94*C, 2' 45'*C3' 72'*C 
Ending ; 10 min. 72'*C. 

Fusion PCR reactions were performed as described above, except that 2 DNA fragments with 
compatible ends were added as a template in equimolar amounts. 

Oligo nucleotide sequences were as follows: 

3005: CGGGATCCAA(A/G)CTNACNGGNATGGC (SEQIDNO: 1); 

3006: CGGGATCC(A/G)TAICC(C/A/G)(C/T)A(T/C)TC(A/G)TT(A/G)TC(A/G)TACCA (SEQIDNO: 2); 

4206: GCGTGACTTCTGGCCAGCCACGATAGC (SEQIDNO: 3); 

5126: TTCAATCCACATGATGGTAAGAGTGTTAGAGA (SEQIDNO: 4); 

5127: CTTACCATCATGTGGATTGAACAAGATGGAT (SEQIDNO: 5); 
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5177: CCCAAGCTTCTCGAGGTACCTGGTGGGTGCATGTATGTAC (SEQIDNO: 6); 

5137: CCAAGGCCTAAAACGGATCCCTCCAAACCC (SEQIDNO: 7); 

5138: GCC AAGCTTCTCGAGC TTGATCAGATAAAGATAGAGAT (SEQIDNO: 8); 

Example 1 

G-418 resistance of Phaffia transformant G418«l 
To determine the expression of the G418 resistance gene in pGB-Ph9» OTinsformam G418-1 
(EP 0 590 707 A!) was exposed to increasing concentrations of G418. 

Two dilutions of a G418-] culture were plated onto YepD agar containing 0-1000 ^g/ml G418 
(Table I). 



[G418] ^g/ml 


Phaffia GA\%A 


Phaffia GA\%-\ 


Phaffia (CBS6938) 




Dil-1 0^(00^00=7) 


Dil.=IO-*(OD,oo=7) 


Dil-0(OD«„,=5) 


0 


>300 


74 


>300 


200 


>300 


70 


0 


300 


>300 


61 


0 


400 


212 


13 


0 


500 


10 


2 


0 


600 


0 


0 


0 


700 


0 


0 


0 


800 


0 


0 


0 


900 


0 


0 


0 


1000 


0 


0 


0 



Table 1. Survival of Phaffia transfonnant G418-1 on YepD agar medium containing increasing 
concentraticms of G4I8. 



At a concentration of 600 ^ig/ml G418 less than 1% of the plated ceils survived. It can be 
concluded, that despite multicopy integration of pGB-Ph9, G418-1 shows a rather weak resistance to 
G418 (Scorer et al, 1994, Bio/Technology 12, p. 181 et seq., Jimenez and Davies^ 1980, Nature 187 p. 
869 et seq,)y most probably due to a weak action of the Phaffia actin promoter in the plasmid. The 
results that the Phcffia actin promoter works poorly, prompted us to isolate promoter sequences of 
Phaffia with strong promoter activity. 
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Example 2 

Synthesis of specific probes of glvcoivtic genes from Phaffia rhodozvma bv PGR 

The polymerase chain reaction (PGR) technique was used in an attempt to synthesize a 
homologous probe of the genes encoding glyceraldehyde- 3 -phosphate dehydrogenase (GAPDH), 
phosphogiycerate kinase (PGK) and the triose phosphate isomerase (TPI) of Phaffia rhodozyma, 

A set of degenerated oligonucleotides was designed based on the conserved regions in the 
GAPDH-gene (Michels et ai., 1986, EMBO J. 5: 1049-1056), PGK-gene (Osinga et aL, 1985. EMBO J. 
4: 3811-3817) and the TPI-gene (Swinkels et ai, 1986. EMBO J. 5: 129M298). 

All possible oligo combinations were used to synthesize a PGR-fragment with chromosomal 
DNA of Phaffia rhodozyma (strain CBS6938) as template. Ghromosomal DNA of Saccharomyces 
cerevisiae and Kluyveromyces iactis as template was used to monitor the specificity of the amplification. 
The PGR was performed as described above, the PGR conditions were P 95 **C, 2' annealing 
temperature (T,). in 5* from annealing temperature to 72 ^C, T 72 X, for 5 cycU followed by T 95 **C. 
2* 55 and 2' 72 °G for 25 cycii and another elongation step for 10' 72 'C. Three different T, were 
used 40 "G, 45 *C and 50 **G. 

Under these conditions, only one pnmer combination produced a fragment of the expected size 
on chromosomal DNA of Phaffia as template. Using the oligo combination no: 3005 and 3006 and a T. 
of 45 ""C a 0.3-kb fragment was found. Specifically, the GAPDH oligonucleotides correspond with amino 
acids 241-246 and 331-338 of the published S. cerevisiae sequence. (It was concluded that to isolate the 
promoters corresponding to the PGK- and TPI-genes from Phaffia^ either iiirther optimization of the 
PGR-conditions is required, or homologous primers should be used. Another alternative method for 
isolating high level promoters is disclosed in the detailed description, supra. 

The amplified fragment was purified from the PGR reaction and was digested with BamHX and 
ligated into the dephosphorylated BamH\ site of pTZ19R. The ligation mixture was transformed to 
competent E, coli DH5a cells prepared by the GaGlj-meihod and the cell were plated on LB-plates with 
50 \igfm\ Amp and 0.1 mM IPTG/50 \ig/m\ X-gal. Plasmid DNA was isolated from the white colonies. 
The pTZ19R clone with the right insert, called pPRGDHl, was subsequently used for sequence analysis 
of the insert. 

The cloned sequence encoded for the carboxy terminal fragment of GAPDH of Phaffia as shown by 
comparison with the GAPDH-gene sequence of S. cerevisiae (Holland and Holland, 1979. J. of Biol. 
Ghem. 254: 9839-9845). 

Example 3 
Isolation of the GAPDH-gene of Phaffia 
To obtain the complete GAPDH-gene including expression signals the 0.3-kb BamHI fragment 
of pPRGDHl was used to screen a cosmid library of Phaffia. 

Preparation of the vector for cosmid cloning. 
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Vector preparation was simplified* because of the presence of a double cos-site in pMT6. PMT6 
was digested to completion with blunt end cutter PvuW to release the cos-sites. Digestion efficiency was 
checked by transformation to £. coli DH5a and found to be >99%. 

The Pvull digested pMT6 was purified by phenolxhloroform extraction and ethanoi 
precipitation and finally solved in 30 /il T£ at a concentration of 2 iJtg/til. 

The vector was subsequently digested with cloning enzyme BamHl and the vector arms were purified as 
described above ("Experimentar). 

Preparation of target DNA 

Isolation of genomic DNA of Phaffia strain CBS6938 was performed as described in the part 
named "Experimental". The cosmid pMT6 containing inserts of 25-38-kb are most efficiently packaged. 
Therefore genomic DNA was subjected to partial digestion with the restriction enzyme SauMK. Target 
DNA was incubated with different amounts of enzyme. Immediately after digestion the reactions were 
stopped by the extraction of DNA from the restriction mixture with phenol-chloroform. The DNA was 
precipitated by using the ethanoi method and the pelleted DNA after centrifugation was dissolved in a 
small volume of TE. Contour clamped homogeneous electric field (CHEF) electrophoresis was used to 
estimate the concentration and size of the fragments (Dawkins, 1989, J. of Chromatography 492, pp. 
615-639). 

Construction of genomic cosmid library. 

Ligation of approximately 0.5 /ig of vector arm DNA and 0.5 pig of target DNA was performed 
in a total volume of 10 ^1 in the presence of 5 mM ATP (to prevent blunt end ligation). 
Packaging in phage heads and transfection to E. coli LE 392 as described in Experimental. 
The primary library consisted of 7582 transfectants with an average insert of 28-kb as determined by 
restriction analysis. The library represents 3.5 times the genome with a probability of the presence of all 
genes in the library of 0.97 as calculated according to Sambrook (supra). For library amplification the 
nransfectants were pooled by resuspending in 8 ml LB-broth. Additional 4.8 ml glycerol was added. The 
transfectants mixture was divided into 16 samples of 800 ^1 each and stored at -80 ^C. This amplified 
library consisted of 2.9* 10' transfectants. 

Screening of the cosmid librarv. 

A 100 ^l sample was taken from this library and further diluted (10*) in LB-broth and 200 ^l 
was plated onto 10 LB-plates containing ampicillin. The plates were incubated overnight at 37 **C. Each 
plate contained 300-400 colonies and filters were prepared. These filters were screened with the 
GAPDH-probe using hybridization and washing conditions as described above ("Experimental'*). After 
16 hours exposure, 3 strong hybridization signals were found on the autoradiogram. 
Cosmid DNA isolated from these positive colonies was called pPRGDHcosI, pPRGDHcos2 and 
pPRGDHcos3. 
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Chromosomal DNA isolated from Phaffia rhodozyma strain CBS 6938 and cosmid 
pPRGDHcosl was digested with several restriction enzymes. The DNA fragments were separated, 
blotted and hybridized as described before. The autoradiograph was exposed for different time periods at 
-80"C. The film showed DNA fragments of different length digested by different restriction enzymes 
which hybridize with the GAPDH-probe (Fig. 1). 

Furthermore, from Southern analysis of the genomic DNA of Phaffia using the GAPDH 
fragment as probe, it was concluded that the GAPDH-encoding gene is present as a single copy gene in 
Phaffia rhodozyma, whereas in Sacccnromyces cerevisiae Gk?l>V{ is encoded by three closely related but 
unlinked genes (Boucherie et ai, 1995. FEMS Microb. Letters 13S:127>1341 

Hybridizing fragments of pPRGDHcosl for which a fragment of the same length in the 
chromosomal DNA digested with the same enzyme was found, were isolated from an agarose gel. The 
fragments were ligated into the corresponding sites in pUC]9. The ligation mixtures were transformed to 
competent £. coU cells. The plasmids with a 3.3-kb SalX insert and a 5.5-kb £coR! insert were called 
pPRGDH3 and pPRGDH6, respectively. The restriction map of pPRGDH3 and pPRGDH6 is shown in 
Figure 2. Analysis of the sequence data of the insert in pPRGDHt showed us that there was a //mdlll 
site at the C-terminal part of the GAPDH-gene. From this data it was suggested that the insert in 
pPRGDH6 should contain the complete coding sequence of GAPDH including promoter and terminator 
sequences. 

Example 4 
Characterization of the GAPDH-eenc 

In order to carry out sequence analysis without the need to synthesize a number of specific 
sequence primers a number of deletion constructs of plasmids pPRGDH3 and pPRGDH6 were made 
using convenient restriction sites in or near the putative coding region of GAPDH gene. 

The plasmids were digested and after incubation a sample of the restriction mixture was 
analyzed by gel electrophoresis to monitor complete digestion. After extraction with phenol-chloroform 
the DNA was precipitated by ethanol. After incubation at -20 "C for 30* the DNA is pelleted by 
centnfugation, dried and dissolved in a large volume (0.1 ng/^l) of TE. After ligation the mixtures were 
transformed to £. colL Plasmid DNA isolated from these transformants was analyzed by restriction 
analysis to reveal the right constructs. In this way the deletion constructs pPRGDH35HIII, 
pPRGDH66BainHI, pPRGDH65Sj/l and pPRGDH665fl/l (Fig. 1). 

In addition to this» the 0.6-kb and 0.8-kb Sst\ fragments derived from pPRGDH6 were 
subcloned in the corresponding site of pUC19. 

Sequence analysis was carried out using pUC/M13 forward and reverse primers (Promega). The 
sequencing stategy is shown in fig. 2 (see airows). 

On the basis of homology with the GAPDH-gene sequence of S. cerevisiae (Holland and 
Holland, 1979. J. of Biol. Chem. 224: 9839-9845) and K. lactis (Shuster, 1990. Nucl. Acids Res. 18, 
4271) and the known splice site concensus J.L. Woolford. 1989. Yeast 5: 439-457), the introns and the 
possible ATG start were postulated. 
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The GAPDH gene has 6 introns (Fig. 1) and encodes a polypeptide of 339 amino acids. This 
was completely unexpected considering the genomic organisation of the GAPDH genes of K, lactis and 
S, cerevisiae which have no introns and both consist of 332 amino acids. The homology on the amino 
acid level between the GAPDH gene of Phaffia and K. lactis and 5. cerevisiae is 63% and 61%, 
respectively. 

Most of the introns in the GAPDH gene are situated at the 5* part of the gene. Except intron HI all 
introns contain a conserved branch-site sequence 5'-CTPuAPy-3' found for S. cerevisiae and S. pombe. 

By computer analysis of the upstream sequence using PC-gene 2 putative eukaryotic promoter 
elements, TATA*box (position 249-263 in SEQIDNO: 1 1) and a number of putative Cap signal (between 
position 287 and 302 in SEQIDNO: 1 1) were identified. 

Example 5 

Cloning of the GAPDH promoter fused to G418 in dUCG418. 
In order to construct a transcription fusion between the GAPDH promoter and the gene 
encoding G418 resistence the fusion PGR technique was used. 

Using plasmid pPRGDH6 the GAPDH promoter could be amplified by standard PCR protocols 
("Experimentar). 

In the PCR mix pPRGDH6 and oligo*s No. 5177 and 5126 (Sequences in "Experimental") were 
used. A 416 bp DNA fragment was generated containing the entire GAPDH promoter sequence. In 
addition this fragment also contains a Hindlll, Xho\ and a KpnX restriction site at it's 5*end and 12 nt 
overlap with the 5' end of the gene encoding G418 resistance. 

The 217 bp portion of the 5'end of the G4I8 coding sequence was also amplified by PCR using 
pUC-G4l8 and oligo's 4206 and SI27. A 226 bp DNA fragment was obtained containing the 217 bp 
5*end of G418 and having a 9 nucleotides overlap with the 3 'end of the earlier generated GAPDH 
promoter firagment. It also contained a Msc\ site at it's 3end. 

The PCR fragments were purified from the PCR mixture using the WIZARD Kit 
Approximately 1 ^g of the GAPDH promoter fragment and 1 ^ig of the G418 PCR fragment were usetl 
together with oligo's 5177 and 4206 in a fusion PCR experiment (Experimental). A 621 bp DNA 
fragment was generated, containing the GAPDH promoter directly fused to the 5' portion of G418. After 
purification the DNA fragment was digested with Mscl and KpnX, The 3.4 Kb Mscl-Kpnl fragment of 
pUC-G418, containing pUC sequences and the 3' portion of G4I8, was used as a vector. 
The ligation mixture was transformed to competent E. coli DH5a cells. Transformant colonies 
containing the fusion PCR DNA inserted were identified by digestion with different restriction enzymes. 

Thus, plasmid pPRI was obtained, containing the GAPDH promoter directly fused to the G418 
marker gene. Three pPRl vectors isolated from independent transformants were used in further cloning 
experiments. 

To target the plasmid, after transformation, to a specific integration site a 3.0-kb SstI fragment 
containing a part of the ribosomal DNA of Phaffia was cloned in pPRl. The ribosomal DNA fragment 
was isolated from an agarose gel after digestion with Ss(\ of plasmid pGB-Phl 1 (EP 590 707 A I). This 
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fragment was ligated in the dephosphoryiaied SstI site of pPRI. The ligation mixture was transformed to 
competent £. coU cells. Plasmid DNA was isolated and using restriction analysis it was shown that 
several colonies contain the expected plasmid pPR2. The complete cloning strategy is shown in Fig. 3. 

Exai^ple 6 
Transformation of Phaffia with pPR2. 
Transformation of Phaffia strain 6938 was performed using an electroporaiion procedure as 
previously described by Faber et al. (1994, Curr. Genet. 1994: 21,305-310) with the following 
modifications: 

- Electropulsing was performed using the Bio-rad Gene Pulscr with Pulse Controller and with Bio-rad 

2mm cuvettes. 

- Phaffia was cultivated for 16 h at 21 **C. 

• Per transformation 2x10' cells were used together with 5 |ig of linearized vector. Linearization was 
done in the rDNA sequence using Cla\ to enable integration at the rDNA locus in the Phaffia genome. 
Following the electric pulse (7.5kV/cm. 400 Q, and 25 ^F) 0.5 ml YePD medium was added to the 
ceil/DNA mixture. The mixture was incubated for 2.5 h at 21 and subsequently spread on 5 selective 
YEDP agar plates containing 40 ^g/ml G418. 

As shown in Table 2 we were able to generate transformants with 115 transformants per ^g 
DNA; the average transfonnation frequency was 50 transformants/^g pPR2 as judged over a number of 
experiments. Transformation of the closed circular form of pPR2 did not result in transformation 
suggesting that there is no autonomously replicating sequence present within the vector sequences. Using 
pPR2 a 10 to 50-fold increase in transfomiation frequency was found compared to a previous 
constructed transformation vector for Phaffia, called pGB-Ph9 . In this laner vector a translation fusion 
was made between the 5* part of the actin gene of Phaffta and G418. 

In order to analyze the level of resistance of transformants the mixture or DNA/cells was plated 
onto selective plates containing different amounts of G4I8. Although the total number of transformants 
decreases with the increasing amounts of G418, we were still able to obtain a considerable number of 
transformants (table 3). 

In another experiment 30 transformants obtained under standard selection conditions (40 Mg/ml) 
were transfered to plates containing 50, 200 or 1000 Mg/ml. After incubation of the plates at 21 for 
4-5 days, 23 transformants out of 30 tested were able to grow on plates containing 200 ^g/ml G4I8. 
One transfonnant was able to grow on plates containing upto and above 1000 ^g/ml G418. 

Table 2. Transformation freouencv of DGB-Ph9 and dPR2 . 



Exp.i Exp.2 

69 8 
pGB-Ph9x5g/II 46 7 

pPR2 ccc n.d n.d 

pPR2(A)xC/al 714 56 

(B) 639 124 
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(C) 443 153 

Total number of transformants (> I mm) in difTerent transfonnation experiments after 4-5 days 
incubation. 

Table 3. Comparison of G418 sensitivity as a result of two different G418-resistance genes in 

pGB-Ph9 and pPR2 

concentration Number of 

04 1 8 (ng/mi) transformants 

pPR2xC/al pGB-Ph9x5g/ll (-pYac4) 

40 480 2 

50 346 

60 155 

70 61 

80 14! 

90 72 

100 64 

Analysis of pPR2 transformants. 

To analyse the integration event and the number of integrated vector copies total genomic DNA 
from six independent transformants was isolated. Therefore these transformants were cultivated under 
selective conditions, Le, YePD + 50 \ig/m\ G418. Chromosomal DNA was digested with C/al. The DNA 
fragments were separated by gei electrophoresis and transfered to nitrocellulose and the Southern blot 
was probed with Phaffia DNA. 

Besides the rDNA band of 9.1 kb an additional band of 7.1 kb of similar fluorescing intensity 
was observed in the transformants. This band corresponds to the linearised form of pPR2. From the 
intensity of these bands it was concluded that the copy number was about 100 - 140 copies of pPR2. 
These results are similar to those observed for pGB-Ph9, ruling out that the improved G4l8-resistance is 
due to differences in copy number of integrated vectors alone. It is not known whether the multiple copy 
event is caused by multiple copy integration of pPR2 or by the amplification of a single copy in the 
rDNA or a combination of both events. 

Example 7 

Construction of pPR2T bv cloning the GAPDH-terminator into pPR2 
Eukaryotic mRNAs contain modified terminal sequences, specificaly the 3* terminal poly(A). As 
the prokaryctic gene encoding G4t8 resistance lacks eukaryotic termination signals, which might effect 
proper transcription termination and mRNA stability (1994, Raue, H.A., TIBTECH 12: 444-449), a part 
of the 3' non-coding sequence of GAPDH was introduced. 

To that end, a 307 bp fragment, consisting of 281 bp of the 3' non-coding region of GAPDH and other 
additional cloning sequences, was amplified by PCR using the oligo's 5137 and 5138 ("Experimental"). 
The upstream oligo 5137 consists of the last 14 nucleotides of the coding and 17 nucleotides of the 3' 
non-coding region of GAPDH. By base substitutions of the 5th (T -> A) and 8th (T C) nucleotide 
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of the non-coding sequence a BamH\ restriction site was introduced. In addition this fragment contains a 
Xhol and a Hindlll restriction site at its 3* end. 

The PGR fragment was purified from the PGR mixture using the WIZARD Purification Kit and 
digested with BamHl and HindUl A 288 bp fragment was isolated and cloned into the corresponding 
sites of the previously constructed Phqffia transformation vector pPR2, yielding pPR2T. 

Upon transformation of Phaffia, using 04 1 g as selective agent, the transformation frequencies 
(number of transformants per ^g of DNA) obtained with the improved construct pPR2T was 
approximately 5 to 10 times higher than the transformation frequency of pPR2 (/.c. without a Phaffia 
homologous transcription termination signal). The results of a typical experiment are given in Table 4. 



Table 4 Transformation frequency at SO ue/mi G418 for pGB-Ph9. dPR2 and dPR2T 



Vector 

pGB-Ph9 (ccc) 
pGB-Ph9 {xBglW) 
pPR2 (ccc) 
pPR2 (xC/fll) 
pPR2T (ccc) 
pPR2T (xC/al) 
pPR2T (x^I) 



transformants transformants/^g DNA 



60 
1 

3000 - 9600 

45600 
1080 



SO - 160 

760 
18 



Phqffia cells transformed with pPR2T were tested for their ability to grow on high levels of 
041 8. The level of G418 on which growth is still possible was taken as a measure of the expression 
level of the G418 resistance gene in transfonnants, as a resuh of the presence of the Phqffia promoter, 
and/or terminator. Preliminary results indicate that the number of transformants able to grow on high 
levels of 0418 are significantly higher than without terminator. 



In summary 

From the above results, it was concluded, that the presence of the GAPDH-promoter (pPR2) 
resulted in a considerable increase of the transformation frequency (frt)m I to at least SO per fig of 
DNA) when compared to the vector containing the actin-promoter (pGB-Ph9). These results are in line 
with the results obtained with the G418 sensitivity test (Table 3 and 4) which indicate superior 
expression levels under the control of the GAPDH promoter. The possibility that the difference in 
transformation frequency could be due solely to the difference in linearising the vectors, {BgllU C/al 
and .^I all cut inside the ribosomal DNA locus, but at different positions), was ruled out by comparison 
of pPR2(x<:^I) with pGB-Ph9(x^l). The difference in transformation frequency between the two pPR2 
and pGB-Ph9, linearised with is still considerable. However, it is concluded that the choice of the 
linearisation site does have effect on the transformation frequency; linearisation with C/al is preferred. 
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The improvements obtained by using a high-level promoter, such as GAPDH, are irrespective of 
whether a homologous terminator is used (pPR2 (without homologous terminator) perfomns far better 
than pGB-Ph9, both in G4t8 sensitivity tests, as well as in temis of transformation frequency). 

The presence of a homologous tenninator results in both higher transformation frequencies and 
higher expression levels; this result is concluded to be independent of the promoter used. Preliminary 
results indicate that considerable improvements are obtained when the pGB-Ph9 construct is completed 
with a transcription tenninator, such as the GAPDH-terminator used in pPR2T. 

The following Examples illustrate the isolation of DNA encoding enzymes involved in the 
carotenoid biosynthesis pathway of Phaffia rhodozyma. These DNA sequences can suitably be used for a 
variety of purposes; for example to detect and isolate DNA sequences encoding similar enzymes in other 
organisms, such as yeast by routine hybridisation procedures, to isolate the transcription promoters 
and/or terminators, which can be used to construct expression vectors for both heterologous as well as 
homologous downstream sequences to be expressed. The DMA sequences encoding carotenoid 
biosynthesis genes can suitably be used to study the over-expression, either under the control of their 
own promoters or heterologous promoters, such as the glycolytic pathway promoters illustrated above. 
For example, transformation of Phaffla rhodozyma with carotenoid encoding DNA sequences according 
to the invention effectively results in amplification of the gene with respect to the wild-type situation, 
and as a consequence thereof to overexpression of the encoded enzyme. 

Hence, the effect of over-expression of one or more genes encoding carotenoid biuosynthesis genes can 
thus be studied. It is envisaged that mutant PhafTta strains can be obtained producing higher amounts of 
valuable carotenoids, such as Q-carotene, cantaxanthtn, zeaxanthin and/or astaxanthin. Similarly, the 
DNA sequences encoding enzymes involved in the carotenoid biosynthesis pathway can be introduced 
into other hosts, such as bacteria, for example £. co//, yeasts, for example species of Saccharomyces, 
Kluyveromyces, Rhodosporidium, Candida^ Yarrowia, Phycomyces, Hansenula, Picchia, fimgi, such as 
Aspergillus^ Fusarium, and plants such as carrot, tomato, and the like. The procedures of transformation 
and expression requirements are well known to persons skilled in these arts. 

Strains: E. coli XL-B\\ie-MRF'A(mcrA)l83MmcrCB-hsdSMR'mrr) 173 endAI supE44 thi-l recAl 
gyrA96 relAl iac[r proAB laq^ZLMlS TnW (Tef)] 

ExAssist*"^ interference-resistant helper phage (Stategene*^) 

P. rhodozyma CBS6938 or 

P. rhodozyma asta 1043-3 
Plasmids used for cloning: 

pUC19 Ap'(Gibco BRL) 

Uni-ZAP^ XR vector (lambda ZAP^ II vector digested with EcoKUXhol, ClAP 
treated;Straiegene*^) 

Media: LB: 10 g/1 bacto tryptone, 5 g/l yeast extract, 10 g/1 NaCI. Plates; +20 g/l baclo agar. 
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When appropriate 50-100 ^g/ml ampicillin (Ap), 30 Mg/ml chloramphenicol (Cm) and 

1 mM isopropyUI-thio-P-D-galactopyranoside(IPTG) was added. 

YePD: !0 g/l yeasi extract, 20 g/1 bacto peptone, 20 g/I glucose. Plates; +20 g/l bacto 

agar. 

All molecular cloning techniques were essentially carried out as described by Sambrook et al. in 
Molecular Cloning: a Laboratory Manual, 2nd Edition (1989; Cold Spring Harbor Laboratory Press). 
Transformation of was performed according to the CaCI^ method described by Sambrook ei al. 

Enzyme incubations were performed following instructions described by the manufacturer. 
These incubations include restriction enzyme digestion, dephosphorylation and ligation (Gibco BRL). 
Isolation of plasmid DNA from E. coli was performed using the QIAGEN (Westburg B.V. NL). 

For sequence analysis deletions constructs and oligonucleotides were made to sequence the 
complete sequence using a Tag DYE Primer Cycle Sequencing kit (Applied Biosystems). 

Example 8 
Description of plasmid<t 

Plasmids (pACCAR25AcrtE, pACCAR25AcrtB. pACCRT-EIB, pACCARI6AcrtX and 
pACCAR25AcrtX), which contain different combinations of genes involved in the biosynthesis of 
carotenoid in Erwinia uredovora were gifts from Prof. Misawa; Kirin Brewery co.,LTD.; Japan). The 
biosynthetic route of carotenoid synthesis in Erwinia uredovora is shown in fig 8. 
In addition a derivative of pACCAR25AcrtX, designated pACCAR25AcrtXAcrtI, was made in our 
laboratory. By the introduction of a frameshift in the BamH\ resmction site the crti gene was 
inactivated. £. coli strains harboring this plasmid acummulate phytoene which can be monitored by the 
red phenotype of the colony. 

All plasmids are derivatives of plasmid pACYCI84 (Rose RE; Nucl. Acids Res. 16 (1988) 355), which 
contains a marker conferring chloramphenicol-iesistance. Furthermore these plasmids and derivatives 
thereof contain a replication origin that is compatible to vectors such as pUC and pBluescript. Each 
plasmid contains a set of carotenoid biosynthetic genes of Erwinia uredovora mediating the formation of 
different carotenoid in £. coli. The complete list of plasmid used in this study is shown in Table 5. 



Table 5: Summary of carotenoid producing Ecoli strains used in this study. 



PLASMID: 


GENOTYPE: 


CAROTENOID 
ACCUMULATED: 


COLOR 
PHENOTYPE: 


pACCAR25AcrtE 


crtB: crti: crtY: 

crtX; 

criZ 


famesyl 

pyrophosphate/iso- 
pentenyl pyrophosphate 


white 


pACCAR25AcrtB 


crtE; crti; criY; 

crtX; 

crtZ 


gcranylgeranyl 
pyrophosphate 


white 


pACCAR25AcrtX 
Acitl 


crtE; crtB: crtY: 
crtZ 


phytoene 


white 
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pACCRT-ElB 


crtE: crtB: crti 


lycopene 


red 


pACCARl6AcrtX 


crtE: crtB: crtI 


P-carotene 


yellow 




crlY 






pACCAR25AcrtX 


crtE: crtB: crtl; 


zeaxanthin 


yellow/ 




crtY: 




orange 




crtZ 







Genes encoding: crtE, geranylgeranyl pyrophosphate synthase; crtB^ Phytoene synthase; crtl, 
phytoene desaturase; crtY, lycopene cyclase; crtX, ^-carotene hydroxylase; crtZ, zeaxanthin 
glycosylase 

Example 9 

Construction of cDNA library of Phaffia rhodozvma 



a) Isolation of total RNA from Phaffia rhodozvma 

All solutions were made in DEPC-treated distilled water and all equipments were soaked overnight in 
0.1% DEPC and then autoclaved. 

A 300 ml Erlemeyer containing 60 ml YePD culture medium was inoculated with Phaffia rhodozyma 
strain CBS6938/1043-3 from a preculture to a final OD^ of O.t. This culture was incubated at 21 X 
(300 rpm) until the ODtoo had reached 3-4. 

The cells were harvest by centrifugation (4 **C, 8000 rpm, 5 min) and were resuspended in 12 ml of ice- 
cold extraction-buffer (O.l M Tris-HCl, pH 7.5; 0.1 M LiCl; 0.1 mM EDTA). After centrifugation cells 
were resuspended in 2 ml of ice-cold extraction-buffer, 4 g of glassbeads (0.25 mm) and 2 ml phenol 
were added. 

The mixture was vortexed S times at maximum speed for 30 s with 30 s cooling incubation intervals on 
ice. 

The cell/glassbeads/phenol mixture was centrifiiged (5 min, 15.300 rpm , 4 °C) and the aqueous phase 
(sup I ) was transferred to a fresh tube and was kept on ice. 

The phenolic phase was retracted by adding an additional volume of I ml extraction buffer and 2 ml 
phenol. 

After centrifugation (5 min, 15.300 rpm , 4 °C). the aquaous phase was transferred to sup I and 
extracted with an equal volume phenol xhloro form. 

After centrifugation (5 min, 15.300 rpm , 4 °C), the aquaous phase was transferred to a fresh tube and 
0.1 volume of 3 M NaAc; pHS.5 and 2.5 volumes of EtOH was added to precipitate RNA (incubation 
overnight -20 ^C). 

The precipitate was collected by centrifugation (10 min, 15.300 rpm . 4 ^C) and drained otT excess 
liquid and the RNA pellet was washed with 70 % icecold EtOH. 
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After removing excess liquid the RNA was resuspended in 200 - 800 ^1 DEPC-treated water. RNA was 
stored at -70 A 60 ml culture yielded 400 - 1500 ^g total RNA. The integrity of total RNA was 
checked by formaldehyde RNA gel electrophoresis. 

b) Selection of poivfAV RNA 

Isolation of poly(Ar from tout RNA was carried out essential as described by Sambrook et al., 1989 
(Molecular cloning, a laboratory manual, second edition) using the following solutions. 
All solutions were prepared in DEPC*treated water and autoclaved. 
RNA denaturation buffer: 1 M NaCl; 18% (v/v) DMSO. 

Column-loading buffer (HEND): 10 mM Hepes, pH 7.6; 1 mM EDTA; 0.5 M Na CI; 9% (v/v) DMSO. 
Elution buffer (HE): 10 mM Hepes, pH 7.6; 1 mM EDTA. 

Oligo(dT)-cellulose Type 7 was supplied by Pharmacia Biotech. O.l g (dry weight) of oligo(dT)- 
celluiose was add to 1 ml HEND and the suspension was gently shaked for 1 h at 4 ""C. Total RNA (1.5 
mg dissolved in 500 ^l) and I ml 1 M NaCI; 18% (v/v) DMSO was heated to 65 ""C for 5 min. Then 
600 |il NaCI/DMSO was added to the RNA. mixed and placed on ice for 5 min. The poly(A)' isolation 
was carried out be two cycles of purification. The fmal yield was about 45 ^g poly(A)'^ RNA. 

c> cDNA synthesis 

cDNAs were synthesized from 7.5 ^ig poly(A)*-RNAs using the cDNA Synthesis Kit (#200401; 
Strategene^). Synthesis was carried out according to the instruction manual with some minor 
modification. 

Superscript^ II RNase H' Reverse Transcriptase (Gibco BRL) was used in the first strand reaction 
instead of MMLV-RT. 

The following reagents were add in a microcentrifuge: 
3nlofpoly(A)*RNAs 

2 ^l of linker-primer 
23.5 ^l DMQ 

Incubate 10 min 70 ^C, spin quickly in microcentrifuge and add, 
10 ^1 of 5 X First Strand Buffer (provided by Gibco BRL) 
5 ^1 of 0.1 M DTT (provided by Gibco BRL) 

3 Ml of fu5t strand methyl nucleotide mixture 

I Ml of RNase Block Ribonuclease Inhibitor (40 11/^1) 
Anneailing of template and primers by incubation the mixture at 25 for 10 min followed by 2 min at 
42 "C and fmally add; 

2.5 Ml Superscript™ 11 RNase H* Reverse Transcriptase 
First-strand reaction was carried out at 42 for 1 h. 
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Size fractionation was carried out using Geneclean*^ II kit ( supplied BIO 10 K Inc.). The volume of the 
cDNA mixture obtained after Xhol digestion was brought up by adding DMQ to a fmal volume of 200 
^l. Three volumes of Nal was added and the microcentrituge tube was placed on ice for 5 min. The 
pellet of glassmilk was washed three times using 500 ^1 New Wash. Finally the cDNA was eluted in 20 
^1 DMQ. 

The yield of cDNA was about 1 ^g using these conditions. 
d) cDNA cloning 

cDNA library was constructed in the Uni-ZAP™ XR vector using 100 ng cDNAs. Ligation was 
performed two times overnight incubation at 12 "C. The cDNA library was packaged using the 
Packagene*^ lambda DNA packaging system (Promega) according to the instruction manual. The 
calculated titer of the cDNA library was 3.5 10' pfu. 

e> Mass excission 

Mass excision was carried out described in the protocol using derivatives of E. coli XL-Blue-MRF' as 
acceptor strain (see Table 5). Dilution of cell mixtures were plated onto !45 mm LB agar plates 
containing ampicillin, chloramphenicol and IPTG, yielding 250 - 7000 colonies on each plate. The plates 
were incubatied overnight at 37 and further incubated one or two more days at room temperature. 

Example 10 

Cloning of the geranvlceranvl pyrophosphate synthase gene (crtE) of Phaffla rhodozvma 

a) Isolation of cDNA clone 

The entire library was excised into a famcsy [pyrophosphate/ isopentcnyl pyrophosphate accumulating 
cells of E.coli XL-Blue-MRF, which carries the plasmid pACCAR25AcrlE (further indicated as XL- 
Blue-MRF'[pACCAR25AcrtE]). The screening for the crtE gene was based on the color of the 
transformants. introduction of the crtB gene in a genetic background of XL-Blue- 
MRF'(pACCAR25AcrtE] would result in a restoration of the complete route for the biosynthesis of 
zeaxanthin-diglucoside, which could be monitored by the presence of a yellow/orange pigmented colony. 
About 8.000 colonies were spread on LB agar plates containing appropriate antibiotics and IPTG. One 
colonie was found to have changed to a yellow/orange color. 

b) Characterization of complementing cDN A clone 

These colonies were streaked on LB-ampicillin agar plates. Plasmid DNA was isolated from this yellow 
colonies and found to include a 1.85 kb fragment (Fig 2A). The resulting plasmid, designated pPRcrtE» 
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was used for reiransformation experiments (Table 6), Only the transformaiion of XL-Blue- 
MRF*[pACCAR25AcrtE] with pPRcrtE resulted in a white to yellow color change in phenotype. To test 
whether the color change was due to complemention and not caused by cDNA alone pPRcrtE was 
transfoimed into XL-Blue-MRF'. Selection of transformants on LB-ampiclllin agar plate containing 
IPTG did not result in color changes of the colonies (Table 6). Therefore we tentatively concluded, that 
we have cloned a cDNA of P. rhodozyma encoding GPPP synthase which is involved in the conversion 
of IPP and FPP to GGPP. 



Table 6: Color phenotype of carotenoid producing £. coli strains transformed with pPRcrtE. 





pUC]9 (control) 


pPRcrtE 


XL-Blue-MRF* 
(Ap, IPTG) 


white 


white 


XL-Blue-MRF' 
[pACCAR25AcrtEl 
(Ap, Cm, IPTG) 


white 


yellow/orange 


XL-Blue-MRF' 
[pACCAR25AcrtB] 
(Ap, Cm, IPTG) 


white 


white 



Transformaiion: 10 ng of each plasmid was mixed to CaCU competent £. coli cells. 
Transforment cells were selected by plating l/IO and 1/100 volume of the DNA/cell mixture on 
LB agar-medium containing the appropriate antibiotics (in brackets). 



c) Sequence analysis of cDNA fragment 

Plasmid pPRcrtE was used to determine the nucleotide sequence of the L85 kb cDNA. 
The sequence comprised 1830 nucleotides and a 31 bp poly(A) tail. An open reading frame (ORF) of 
375 amino acids was predicted. The nucleotide sequence and deduced amino acid sequence are shown as 
SEQIDNO: NO 14 and 15, respectively. A search in SWISS- PROT protein sequence data bases using 
the Blitz amino acid sequence alignment program indicated amino acid homology (52 % in 132 aa 
overlap; Neurospora crassa) especially to the conserved domain I in geranylgeranyl-PPi synthase 
enzymes of different organisms (Botella et al., Eur. J. Biochem. (1995) 233; 238-248). 

Example 1 1 

Cloning of the ohvtoene synthase eene icrtB) of PhafTia rhodozvma 
a) Isolation of cDNA clone 

The entire library was excised into a geranylgeranylpyrophosphate accumulating cells of E.coli XL-Blue- 
MRF\ which carries the plasmid pACCAR25AcrtB (further indicated as XL-Blue- 
MRF*[pACCAR25AcrtB]). The screening for the crtB gene was based on the color of the transformants. 
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Introduction of the crtB gene in a genetic background of XL-Bluc-MRF*[pACCAR25AcitB] would result 
in a restoration of the complete route for the biosynthesis of zeaxanthin-diglucoside, which could be 
monitored by the presence of a yellow/orange pigmented colony. 

About 25.000 colonies were incubated on LB agar plates containing appropriate antibiotics and IPTG. 
Three colonies were found to have changed to a yellow/orange color 

bL Characterization of complementing cDNA clone 

These colonies were streaked on LB-ampicillin agar plates. Plasmid DNA, designated pPRcrtBl to 3, 
was isolated from these yellow colonies and found to include a 2.5 kb fragment (Fig 2B). One of the 
resulting plasmids, pPRcrtBI was used for retransfonnation experiments (Table 7). Only the 
transformation of XL-Blue-MRF'[pACCAR25AcrtB] with pPRcrtB resulted in a white to yellow color 
change in phenotype. Therefore we tentative conclude that we have cloned a cDNA of P, rhodozyma 
encoding phytoene synthase which is involved in the conversion of 2 GGPP molecules via prephytoene 
pyrophosphate into phytoene. 



Table 7: Color phenotype of carotenoid producing £, coU strains transformed with pPRcrtB. 





pUC19 (control) 


pPRcrtB 


XL-Blue-MRF' 
(Ap, IPTG) 


white 


white 


XL-Blue-MRF' 
[pACCAR25AcrtB 
(Ap, Cm, IPTG) 


white 


yellow/orange 


XL-Blue-MRF' 
(pACCAR25ACTtE 
(Ap, Cm. IPTG) 


white 


white 



Legend: see Table 6. 



c) Sequence analysis of cDNA fragment. 

Plasmid pPRcrtB2, which contains the longest cDNA insert, was used to determine the nucleotide 
sequence of the 2.5 kb cDNA. The sequence comprised 2483 nucleotides and a 20 bp poly(A) tail. An 
open reading frame (ORF) of 684 amino acids was predicted. The nucleotide sequence and deduced 
amino acid sequence are shown in SEQIDNOs: 12 and 13, respectively. A search in SWISS-PROT 
protein sequence data bases using the Blitz amino acid sequence alignment program Data indicated some 
amino acid homology (26 % identity in 441 aa overlap of crtB gene of Neurospora crassa) with crtB 
genes of other organisms. 

Example 12 

Cloning of the phvtoene desaturase gene (cril) of Phaffia rhodozyma 
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a) Isolation of cDNA clone 

The entire library was excised into a phytoene accumulating cells of E.coli XL-BIue-MRF\ which 
carries the plasmid pACCAR25AcrtXAcrtI (ftirther indicated as XL-Blue-MRF'[pACCAR25AcrtXAcrtl]). 
The screening for the crtl gene was based on the color of the iransformants. Introduction of the crti gene 
in a genetic background of XL-BIue-MRF'[pACCAR25AcrtXAcrtn would result in a restoration of the 
complete route for the biosynthesis of zeaxanthin, which could be monitored by the presence of a 
yellow/orange pigmented colony. 

About 14.000 colonies were incubated on LB agar plates containing appropriate antibiotics and IPTG. 
Two colonies were found to have changed to a yeliow/orange color. 

bl_ Characterization of complementing cDN A clones 

These colonies were streaked on LB-ampicillin agar plates. Plasmid DNA, designated pPRcrtl.l and 
pPRcrti.2, was isolated from these yellow colonies and found to include a 2.0 kb fragment (Fig 2C). 
One of the resulting plasmids, pPRcrtl.l was used for retransformation experiments (Table 8). Only the 
transfomiation of XL-Blue-MRF'[pACCAR25AcrtXAcrtl] with pPRcrtl resulted in a white to yellow 
color change in phenotype. Therefore we tentative conclude that we have cloned a cDNA of F. 
rhodozyma encoding phytoene desaturase which is involved in the conversion of phytoene to lycopene. 



Table 8: Color phenotype of carotenoid producing E. coli strains transformed with pPRcrtl. 





pUCI9 


pPRcrtl 


XL-Blue-MRF^ 
(Ap, IPTG) 


white 


white 


XL-Blue-MRF* 
[pACCAR25AcnX 

Acrt! 
(Ap, Cm, IPTG) 


white 


yellow/orange 


XL-BIue-MRF' 
[pACCAR25AcrtB 
(Ap, Cm, IPTG) 


white 


white 



Legend: see Table 6. 



c) Sequence analysis of cDNA fragment 

One of the plasmid pPRcrtl was used to determine the nucleotide sequence of the 2.0 kb cDNA. The 
sequence comprised 2038 nucleotides and a 20 bp poly(A) tail. An open reading frame (ORF) of 582 
amino acids was predicted. The nucleotide sequence and deduced amino acid sequence are shown in 
SEQIDNOs: 16 and 17, respectively. A search in SWISS-PROT protein sequence data bases using the 
Blitz amino acid sequence alignment program Data indicated amino acid homology to phytoene 
desaturase gene of N. crassa (53% identity in 529 aa overlap). 



SUBSTfTUTE SHEET (RULE 26) 



wo 97/23633 PCT/EP96/05887 

31 

Example 13 

Ctoning of the Ivcopene cyclase gene (crtY) of Phalfia rhodozvma 
a}^ Isolation of cDNA clone 

The entire library was excised into a lycopene accumulating cells of E.coU XL-Blue-MRF*, which 
carries the plasmid pACCRT-EIB (further indicated as XL-Blue-MRF'[pACCRT-E[B]). The screening 
for the crtY gene was based on the color of the transformants. Introduction of the cttY gene in a genetic 
background of XL-Biue-MRF'[pACCRT-EIB] would result in a restoration of the complete route for 
the biosynthesis of P-carotene, which could be monitored by the presence of a yellow pigmented colony. 
About S.OOO colonies were incubated on LB agar plates containing appropriate antibiotics and IPTG. 
One colony was found to have changed to a yellow color. 

b) Characterization of complementing cDNA clone 

This colony was streaked on LB-ampicillin agar plates. Plasmid DNA was isolated from this yellow 
colony and found to include a 2.5 kb fragment (Fig 2B). The resulting plasmid, designated pPRcrtY, was 
used for retransformation experiments (Table 9. Surprisingly, not only transformation of XL-Blue- 
MRF'[pACCRT-ElB] but also transformation of XL-Blue-MRF'[pACCAR25AcrtBl with pPRcrtY 
resulted in a red to yellow color change in phenotype. 



Table 9: Color phenotype of carotenoid producing £. coli strains transformed with pPRcrtY. 





pUC19 


pPRcrtB 


XL-BIuc-MRF' 
(Ap, IPTG) 


white 


white 


XL-Blue-MRF' 
[pACCRT-EIB 
(Ap, Cm, IPTG) 


red 


yellow 


XL-Blue-MRF* 
[pACCAR25ActtB 
(Ap. Cm, IPTG) 


red 


yellow 



Legend: see Table 6. 



A second transformation experiment was carried out including the previously cloned cDNA of pPRcrtB. 
As shown in table 6 the cDNA previously (example 3) isolated as encoding phytoene synthase was able 
to complement the crtY deletion resulting in the biosynthesis of p-carotene in XL-Blue-MRF'[pACCRT- 
EIB]. 
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Sequence analysis of the cDNA insert of pPRcrtY (SEQIDNOs: 18 and 19) showed that it was similar to 
the sequence of cDNA fragment of pPRcrtB. 

From these data we tentative conclude that we have cloned a cDNA of P. rhodozyma encoding phytoene 
synthase and lycopene cyclase which is involved in the conversion of 2 GGPP molecules via 
prephytoene pyrophosphate into phytoene and lycopene to p-carotene, respectively. This is the first gene 
in a biosynthetic pathway of carotenoids synthesis that encodes two enzymatic activities. 



Table 10: 



Color phcnotype of carotenoid producing £. colt strains transformed with different 
cDNAs oTPhqffia rhodozyma (Ap. Cm, IPTG). 





pUCI9 


pPRcrtE 


pPRcrtB 


pPRcrtY 


XL-Blue-MRF' 
[pACCAR25AcrtE] 


white 


yellow/ 
orange 


white 


white 


XL-Blue-MRF' 
[pACCAR25AcrtB] 


white 


white 


yellow/ 
orange 


yellow/ 
orange 


XL-Blue-MRF* 
[pACCRT-EIBl 


red 


red 


yellow 


yellow 



Legend: see Table 6 

Example 14 

Cloning of the isopentenvl diphosphate (IPP) isomerase gene (idi) of Phaffta rhodozvma 
Sl Isolation of cDNA clone 

The entire Phaffia cDNA library was excised into lycopene accumulating cells of E.coii XL-Blue-MRF\ 
each carrying the plasmid pACCRT-EIB (further indicated as XL-Blue-MRF'[pACCRT-EIB]). 
About 15.000 colonies were incubated on LB agar plates containing appropriate antibiotics and IPTG. 
One colony was found to have a dark red colour phenotype. 

bl_ Characterization of compiementine cDNA clone 

This colony was streaked on LB-ampicillin agar plates. Plasmid DNA was isolated from this yellow 
colony and found to include a 1.1 kb fragment, the resulting plasmid, designated pPRcrtX, was used for 
retransformation experiments (Table 1 1). 

All colonies of XL-Blue-MRF'[pACCAR-EIB] transformed with pPRcrtX had a dark red phenotype. 
From these data we tentatively concluded, that we have cloned a cDNA of P. rhodozyma expression of 
which results in an increased lycopene production in a genetically engineered E. coii strain. 



Table 11: 



Color phenotype of carotenoid producing £. coli strains transformed with pPRcrtX. 
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pUC19 


pPRcrtX 


XL-BIue-MRF' 
(Ap, IPTG) 


white 


white 


XL-BIue-MRF' 
[pACCRT-EIB 
(Ap, Cm, IPTG) 


red 


dark red 



Legend: see Table 6. 



c) Sequence analysis of cDNA fragment 

In order to resolve the nature of this gene the complete nucleotide sequence of the cDNA insert in 
pPRcrtX was determined. The nucleotide sequence consist of the 1 144 bp. The sequence comprised 1 126 
nucleotides and a poly(A) tail of 18 nucleotides. An open reading frame (ORF) of 251 aminoacids with 
a molecular mass of 28.7 kDa was predicted. The nucleotide sequence and deduced amino acid sequence 
are shown in SEQIDNOs: 20 and 21, respectively. 

A search in SWISS-PROT protein sequence daita bases using the Blitz amino acid sequence alignment 
program Data indicated aminoacid homology to isopentenyldiphosphate (IPP) isomerase (f^O of 5. 
cerevisiae (42.2 % identity in 200 aminoacid overlap). IPP isomerase catalyzes an essential activation 
step in the isoprene biosynthetic pathway which synthesis the 5-carbon building block of carotenoids. In 
analogy to yeast the gene of Phqffla was called idil. The cDNA clone carrying the genes was then called 
p?Ridi. 

Example IS 

Qvcrexpression of the idi gene of P. rhodozvma in a carotenogenic E. coli 
Lycopene accumulating cells of E.coii XL-Blue-MRF\ which carry the plasmid pACCRT-EIB 
(further indicated as XL-BIue-MRF* [pACCRT-EIB]) were transformed with pUC19 and pPKids and 
transformants were selected on solified LB-medium containing Amp and Cm. The transformants, called 
XL-BIue-MRF' [pACCRT-EIB/pUC 19 and (pACCRT-EIB/pPR/*//). were cultivated in 30 ml LB-medium 
containing Amp, Cm and IPTG at 37 ^'C at 250 rpm for 16 h. From these cultures 1 ml was used for 
carotenoid extraction and analysis. After centrifiigation the cell pellet was dissolved in 200 \i\ aceton and 
incubated at 65 X for 30 minutes. Fifty of the cell-free aceton fraction was then used for high- 
performance liquid chromatography (HPLC) analysis. The column (chrompack cat. 28265; packing 
nucleosil 100CI8) was developed with water-acetonitrile-2-propanoi (from 0 to 45 minutes 9:10:81 and 
after 45 minutes 2:18:80) at a flow rate of 0.4 ml per minute and recorded with a photodiode array 
detector at 470 +/- 20 nm. Lycopene was shown to have a retention time of about 23 minutes under 
these conditions. The peak area was used as the relative lycopene production (mAu*s). The relative 



SUBSTITUTE SHEET (RULE 26) 



wo 97/23633 



34 



PCT/EP96/05887 



lycopene production was 395 and 1165 for XL-Blue-MRF'[pACCRT-ElB/pUC191 and (pACCRT- 
EIB/pPR/^j], respectively. 

These data show the potentials of metabolic pathway engineering in Phaffia, as increased 
expression of the idi of Phaffia rhodozyma causes a 3-fold increase in carotenoid biosynthesis in £. colL 

This cDNA may be over-expressed in a transformed Phaffia cell with a view to enhance 
carotenoid and/or xanthophyll levels. The cDNA is suitably cloned under the control of a promoter 
active in Phqtfia, such as a strong promoter according to his invention, for example a Phaffia glykolytic 
pathway promoter, such as the GAPDH-gcne promoter disclosed herein, or a Phaffia ribosomal protein 
gene promoter according to the invention (vide sub). Optionally, the cDNA is cloned in front of a 
transcriptional terminator and/or polyadenylation site according to the invention, such as the GAPDH- 
gene terminator/polyadenylation site. The feasibility of this approach is illustrated in the next example, 
where the cr/B gene from Envinia uredovora is over-expressed in Phaffia rhodozyma by way of 
illustration. 

Example 16 

Heterologous expression of carotenoee nic eene from Erwinia uredovora in PhafTta rhodozyma 

The coding sequence encoding phytoene synthase (crtB) of Erwinia uredovora (Misawa et al., 
1990) was cloned between the promoter and terminator sequences of the gpd (GAPDH-gene) of Phaffia 
by fusion PGR. In two separate PGR reactions the promoter sequence of gpd and the coding sequence of 
crtB were amplified. The former sequence was amplified using the primers 5177 and 5128 and pPR8 as 
template. This latter vector is a derivative of the Phaffia transformation vector pPR2 in which the 
promoter sequence has been enlarged and the restriction site has been removed. The promoter 
sequence of &d was amplified by PGR using the primers 5226 and 5307 and plasmid pPRgpd6 as 
template. The amplified promoter fragment was isolated, digested with Kpnl and BamHi and cloned in 
the KprA-BglW fragment of vector pPR2, yielding pPR8. The coding sequence of crtB was amplified 
using the primers 5131 and 5134 and pACCRT^ElB as template. In a second fusion PGR reaction, using 
the primers 5177 and 5134, I ^g of the amplified promoter and crtB coding region fragment used as 
template yielding the fusion product ?gpd-crtB. The terminator sequence was amplified under standard 
PGR conditions using the primers 5137 and 5138 and the plasmid pPRgdh6 as template. Primer 5137 
contains at the 5' end the last 1 1 nucleotides of the coding region of the crtB gene of £. uredovora and 
the first 16 nucleotides of the terminator sequence of gpd gene of P. rhodozyma. By a two basepair 
substitution a BamHl restriction site was introduced. The amplified fusion product {Pgpd-crtB) and the 
amplified terminator fragments were purified and digested with HindlW and BamHl and cloned in the 
dephosphorylated HirtdlU site of the cloning vector pMTL25. The vector with die construct Pgpd-criB- 
Tgpd was named pPREX 1.1. 

The Hindlll fragment containing the expression cassette Pgpd-crtB-Tgpd was isolated from 
pPREXI.l and ligated in the dephosphorylated /findlll site of the Phaffia transformation vector pPR8. 
After transformation of the ligation mixture into £ coii a vector (pPR8cr/B6.1) with the correct insert 
was chosen for Phaffia transformation experiments. 
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Pha/fta strain CBS6938 was transformed with pPR8cr/d6.1, carrying the expression cassette 
Pgpd'crtB'Tgpd, and transformants were selected on plates containing G418. The relative amount of 
astaxanthin per OD^o in three G418-resistant transformants and the wild-type Phaffia strains was 
determined by HPLC analysis (Table 12). For carotenoid isolation from Phaffia the method of 
DMSO/hexane extraction described by Sedmak et ai, (1990; Biotechn. Techniq. 4, 107-1 12) was used. 



Table 12. The relative astaxanthin production in a Phaffia transformant carrying the crtB gene of £. 
uredavora. 



Relative amount 






of astaxanthin 


Strain: 


(mAU's/ODwo) 


P. rhodozyma CBS6938 


448 


P. rhodozyma CBS693S 




[p?K%crtBtA\n\ 


626 


{pPR8t;r/a6.l]#2 


716 


(pPR8cr/B6.n#4 


726 


Primers used: 



5128: 5 * caac/gccargatggtaagagtgttagag 3 * 

5177: 5* cccaagctttctcgaggtacctggtgggtgcatgtatgtacS' 

5131: 5' tBtCBtcatggcagttggctcgaaaag3' 

5134: 5* cc caagctt jga_tcc gtc/flgagcgggcgc/gcx3 ' 

5137: 5' ccaaggcctaaacg^tccctccaaacc 3' 

5138: 5* ac caagcttctcgag cttgatcagataaagataeagat3' 

5307: 5* gttgaagaagggatccttgtggatga 3' 

The gpd sequences are indicated in bold^ the crtB sequences in italic, additional restriction sites for 
cloning are underlined and base substitution are indicated by double underlining. 

Example 17 

Isolation and characterization of the crtB gene of Phaffia 
It will also be possible to express the Phaffia rhodozyma gene corresponding to crtB and 
express it under the control of its own regulatory regions, or under the control of a promoter of a highly 
expressed gene according ot the invention. The Phaffia transformation procedure disclosed herein, 
invariably leads to stably integrated high copy numbers of the introduced DNA, and it is expected, that 
expression of the gene under the control of its own promoter will also lead to enhanced production of 
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carotenoids, including astaxanthin. To illustrate the principle, a protocol is given for the cloning of the 
cr/B genomic sequence* below. 

To obtain the genomic cr/^-gene including expression signals the 2.5 kb BamHUXhol fragment 
was isolated from the vector pPRcrtB and used as probe to screen a cosmid library of Phaffia. 
The construction and screening of the library was carried out as described in Example 3 using the crtB 
gene as probe instead of the gapdh'gtnc. 

After the rounds of hybridization, 2 colonies were identified giving a strong hybridization signal 
on the autoradiogram after exposure. Cosmid DNA isolated from these colonies was called pPRgcrtB#l . 1 
and pPRgcrtB^?, respectively. 

Chromosomal DNA isolated from Phqffia rhodozyma strain CBS 6938 and cosmid pPRgcrtB#7 
was digested with several restriction enzymes. The DNA fragments were separated, bloued and 
hybridized with a amino-terminal specific probe (0.45 kb Xba\ fragment) of crtB under conditions as 
described before. After exposure, the autoradiogram showed DNA fragments of different length digested 
by different restriction enzymes which hybridized with the crtB probe. On the basis that no EcoK\ site is 
present in the cDNA clone a EcoKl fragment of about 4.5 kb was chosen for subcloning experiments in 
order to determine the sequence in the promoter region and to establish the presence of intron sequences 
in the criB gene. A similar sized hybridizing fragment was also found in the chromosomal DNA digested 
with £coRI. The fragment was isolated from an agarose gel and ligated into the corresponding site of 
pUC19. The ligation mixture was transformed to competent £. coli cells. Plasmids with the correct insert 
in both orientations, named pPRlO.I and pPR!0,2, were isolated from the transfonnants. Comparison of 
the restriction patterns of pPRIO.l/pPRIO.2 and pPRcrtB digested with Xba\ gave an indication for the 
presence of one or more introns as the internal 2.0 kb Xba\ fragment in the cDNA clone was found to 
be larger in the former vectors. The subclone pPRlO.l was used for sequence analysis of the promoter 
region and the structural gene by the so-called primer walking approach. The partial sequence of the 
insert in show in SEQIDNO: 22. Comparison of the cDNA and the genomic sequence revealed the 
presence of 4 introns. 

Example 18 

Isolation of promoter sequences with high expression levels 
This example illustrates the the feasibility of the "cDNA sequencing method" referred to in the 

detailed description, in order to obtain transcription promoters from highly expressed genes. 

For the isolation and identification of transcription promoter sequences from Phaffia rhodozyma 

genes exhibiting high expression levels, the cDNA library of Phaffia rhodozyma was analyzed by the 

following procedure. 

The cDNA library was plated on solified LB-medium containing Amp and 96 colonies were 
randomly picked for plasmid isolation. The purified plasmid was digested with Xho\ and Xba\ and 
loaded on a agarose gel. The size of the cDNA inserts varied from 0.5 to 3.0 kb. Subsequently, these 
plasmids were used as template for a single sequence reaction using the T3 primer. For 17 cDNA clones 
no sequence data were obtained. The sequences obtained were translated in all three reading frames. For 
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each cDNA sequence the longest deduced amino acid sequences were compared with the SwissProt 
protein database at EBl using the Blitz program. For 18 deduced amino acid sequences no homology to 
known proteins was found whereas six amino acid sequences showed significant homology to 
hypothetical proteins. Fifty-five amino acid sequences were found to have significant homology to 
proteins for which the (unction is known. About 50 % (38/79) were found to encode ribosomal proteins 
of which 12 full-length sequences were obtained. 

Table 13. Overview of expressed cDNAs, encoded proteins and reference to the Sequence Listing 



cDNA 


coding for 


SEQIDNO: 


10 


ubiquitin-40S 


24 


11 


Glu-repr.gene 


26 


18 


40S rib.prot S27 


28 


35 


60S rib.prot PI a 


30 


38 


60S rib.prot L37e 


32 


46 


60S rtb.prot L27a 


34 


64 


60S rib.prot L25 


36 


68 


60S rib.prot P2 


38 


73 


40S nb.prot S17A/B 


40 


76 


40S rib.prot S31 


42 


78 


40s rib.prot SIO 


44 


85 


60S rib.prot L37A 


46 


87 


60S rib.prot L34 


48 


95 


60S nb.prot S16 


50 



By sequence homology it was concluded that in Phaffia the 40S ribisomal protein S37 is fused to 
ubiquitin as is fotuid in other organisms as well. The nucleotide sequences and deduced amino acid 
sequences of the full length cDNA clones are listed in the sequence listing. Six ribosomal proteins were 
represented in the random pool by more than one individual cDNA clone. The 40S ribosomal proteins 
SIO (SEQIDNO:44), S37 (+ ubiquitin) (SEQIDNO:24) and S27 (SEQIDNO:28) were represented twice 
and 60S (acidic) ribosomal proteins P2 (SEQIDNO:38). L37 (SEQIDNO:46) and L25 (SEQlDNO:36) 
found three times. From these results we conclude, that these proteins are encoded by multiple genes or 
that these genes are highly expressed. Therefore isolation of these promoter sequences are new and 
promissing target sequences to isolate high level expression signals firom Phaffia rhodozyma. 
Furtheitnore^ a cDNA clone was isolated which showed 50 % homology to an abundant glucose- 
repressible gene from Neuraspora crassa (Curr. genet. 14: 545-551 (1988)). The nucleotide sequence and 
the deduced amino acid sequence is shown in SEQIDNO:26. One of the advantages of such a promoter 
sequence is that it can be used to separated growth (biomass accumulation) and gene expression (product 
accumulation) in large scale Phaffia fermentation. 
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For the isolation of the promoter sequences of interest (as outlined above) a fragment from the 
corresponding cDNA clone can be used as probe to screen the genomic library of Phaffia rhodozyma 
following the approach as described for the GAPDH-gene promoter (Example 3, supra). Based on the 
determined nucleotide sequence of the promoter, specific oligonucleotides can be designed to construct a 
transcription fusion between the promoter and any gene of interest by the fusion PGR technique, 
following the procedure as outlined in Example 5 (supra). 

Example 19 

Isolation of carotenoeenic eenes by heterologous hybridization 

For the identification and isolation of corresponding carotenoid biosynthetic pathway genes from 
organisms related to Phaffia rhodozyma heterologous hybridization experiments were carried out under 
conditions of moderate stringency. In these experiments chromosomal DNA from two carotenogenic 
fungi (Neurospora crassa and Blakeslea trispora) and the yeasts S. cerevisiae and three yeast and fungal 
species from the genus Cysiofylobasidium was used. These three carotenogenic yeasts are, based on 
phylogenetic studies, the ones most related to P. rhodozyma. 

Chromosomal DNA from the yeast species Cystofyiobasidium infirmo-miniatum (CBS 323), C 
bisporidii (CBS 6346) and C. capitatum (CBS 6358) was isolated according the method as developed for 
Phaffia rhodozyma^ described in example 3 of European patent application 0 590 707 Al; the relevant 
ponions of which herein incorporated by reference, isolation of chromosomal DNA from the fungi 
Neurospora crassa and Blakeslea trispora was essentially carried as described by Kolar ct al. (Gene, 
127-134), the relevant parts of which are herein incorporated by reference. 

Chromosomal DNA (5 fig) of C infirmo-miniatum, C. bisporidii, C. capitatumy S. cerevisiae, P. 
rhodozyma. M crassa and B. trispora was digested using EcoRl. The DNA fragments were separated on 
a 0.8% agarose gel, blotted and hybridized using the following conditions. 

Hybridization was carried out at two temperatures (50 ^'C and 55 **C) using four different ^^P 
labelled Phaffia probes. The probes were made using random primed hexanucleotide labellings reactions 
using the XhoUXbai firagment(s) from the cDNA clones pPRcrtE, pPRcrtB, pPRcrti and pPRidi as 
template. Hybridization was carried out o/n (16 h) at the indicated temperatures. After hybridization the 
filters were washed 2 times for 30 min. at the hybridization temperamres using a solution of 3*SSC; 0.1 
% SDS; 0.05% sodiumpyrophosphate. Films were developed after exposure of the filters to X-ray films 
in a cassette at -80 °C for 20 h. 

Using the cDNA clone of crtE of P. rhodozyma faint signals were obtained for C. inflrmo- 
miniatum, C. capitatum. Using the cDNA clone of crtB of P. rhodozyma strong signals were obtained to 
the high molecular weight ponion of DNA from C. infirmo-miniatum and C. capitatum. Furthermore a 
strong signal was obtained in the lane loaded with digested chromosomal DNA from B. trispora. Only a 
faint signal was obtained for C. capitatum at 50 **C using the cDNA clone of crti of P. rhodozyma. 
Using the cDNA clone of idi of P. rhodozyma faint signals were obtained with chromosomal DNA from 
C. infirmo-miniatum, C bisporidii and C. capitatum at both temperatures. A sux)ng signal was obtained 
in the lane loaded with digested chromosomal DNA from B, trispora. 
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We conclude, that carotenoid biosynthesis cDNAs or genes, or idi cDNAs or genes, can be 
isolated from other organisms, in particular from other yeast species by cross-hybridisation with the 
cDNA fragments coding for P. rhodozyma carotenoid biosynthesis enzymes, or isopentenyl 
pyrophosphate isomerase coding sequences respectively, using moderately stringent hybridisation and 
washing conditions (50 °C to 55 ''C, 3xSSC). 



Deposited microorganisms 

£. coli containing pGB-Ph9 has been deposited at the Centraal Bureau voor Schimmelcultures, 
Oosterstraat 1, Baam, The Netherlands, on June 23, 1993, under accession number CBS 359.3. 
The following strains have been deposited under the Budapest Treaty at the Centraal Bureau voor 
Schimmelcultures, Oosterstraat I, Baam, The Netherlands, on February 26, 1996: 



ID nr. 


Organism 


relevant feature 


Deposit number 


DS3I855 


E. coli 


cr/Y of P. rhodozyma 


CBS 232.96 


DS31856 


E. coli 


crt\ of P. rhodozyma 


CBS 233.96 


DS31857 


E. coli 


crtE of P. rhodozyma 


CBS 234.96 


DS31858 


E. coli 


cr/B of P. rhodozyma 


CBS 235.96 
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(1) GENERAL IKFQRMTVriCK: 

(i) APPLICAOT: 

(A) NAME: Gist-brocades B.V. 

(B) STt^EETT: Wateringsefweg 1 

(C) CnV: Delft 

(E) CX3UNIRY: The Netherlands 

(F) POSTAL OODE (ZIP) : 2611 XT 

(11) TnX£ OF INVENTICfi^: Inproved methods for transf arming Ptaffia and 
reoavbixiant ENA for use therein 

(iii) NIMBER OF SBQUQXIES: 51 

(iv) CXMUTER READAHIJ3 FORM: 

(A) MEDIIM TYPE: Floppy disk 

(B) OCMEVIER: IBM PC coirpatible 

(C) OPQ2ATING SYSISM: PC-DQ6/M5-DQ6 

(D) SOFIWASH: Patentin Release #1.0, Versicn #1.25 (EPO) 

(v) CURRENT APPLIC3OT:0N IfflDV: 
APPUCATICN NUMBER: 

(2) INFORMAnCN FOR SEQ ID ND:1: 

(i) SEJQUENCE CHARACISilSTICS : 

(A) LENSIH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STKANDEEHESS : single 

(D) TOPQUOGY: linear 

(ii) MDLEXULE TYPE: INA (gencjndc) 

(iii) HYPOIHETICaL: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVHOAL ISQLAIE: AB3005 



(xi) SBQUENCE DESOUPTICtl: SBQ ID N0:1: 
OQQGAlXX3\A RCZNACNGGN A1X3GC 25 
(2) INPDRMATICN FCR SEQ ID N0:2: 

(i) SE)C!CENCE CHARACIERISnCS : 

(A) I£NC?m: 32 base pairs 

(B) TYFE: nucleic acid 

(C) SIT^ANDQX^ESS : Single 

(D) TOPOLOGV: linear 

(ii) MOLECULE TYPE: INA (genoidc) 
(iii) HVPOIHEirCMi: NO 

(vi) OlIGINAL SOURCE: 

(C) INDIVIDUAL ISOLATE: AB3005 

(ix) FEKIXSBE: 

(A) NAME/KEY: ndj5C__feature 

(B) LOCATIO N: on e-of(12) 

(D) OTHER INFOI^TICN: /note^ "N at position 12 is 

inosine** 



(xi) SEX2UE1CE DESCRIPTIGN: SBQ ID N0:2: 
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aaoGKPOciiT ANcrvmxTC rtiricrxrc ca 32 

(2) INFORMATION FOR SBQ ID NO: 3: 

(i) SEOTENCB CHARACIEEaSTlCS ; 

(A) LaJCra.* 27 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDECNBSS : single 

(D) TOPOtOQy: linear 

(ii) trXEOULE TYEE: CN?^ (genocide) 

(iii) HypaiULTlCAL : MO 

(vi) CREGINAL SOURCE: 

(C) INDIVnXffiL ISOLAIE: AB4206 



(xi) SBQCIE3^ ISESCSISSTIW: SEQ ID ND:3: 

GocarsAcnc iogccagcx^^ oskiagc 27 

(2) INFORMATICN FOR SEQ ID MD:4: 

(i) SBQCM(RS CK^RACIERISnCS : 

(A) L£23GnH: 32 base pairs 

(B) 1VPB: nucleic acid 

(C) STRANDECNBSS : single 

(D) ixypoujSfi linear 

(ii) MnTiTTTTrf: 1YFG: ENA (gencmic) 

(iii) mPUriULTlCAL: NO 

(vi) ORIGINAL SOURCB: 

(C) INDIVIDCmL ISOUVIE: AB5126 



(xi) SEQUENCE DESGtlPTICN: SBQ ID N0:4: 
TTCAATOCAC AXGATOSIAA GAC?ZtjTIAGA GA 32 
(2) H^FGKMAnCN FOR SBQ ID N0:5: 

(i) SBCPENCE CHKRACIERISnCS : 

(A) imUTti: 31 base pairs 

(B) TYPE: nucleic acid 

(C) SIRANDSXIESS: single 

(D) uoeauysiC: linear 

(ii) MnfrfXTTTJR TYPE: CNA (genomic) 

(iii) HVK/iUKX'lCAL: NO 

(vi) ORIGINAL SOURCE: 

(C) INDIVIDUAL ISGUVIB: AB5127 



(xi) SBQCIEMCE DESCRIPTICN: SEQ ID NO: 5: 
dlACJCAlCA TGflGQATIGA ACAAGKTQGA T 31 
(2) INFORMKTICtT FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACIXSaSTICS: 

(A) LENoIH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDGCNESS : single 

(D) TOPQLOCnf: liiiftar 
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(ii) MTffEqffr: TypB: ena. {genomic) 

(iii) HVHJlHLTiCAL: NO 

(vi) ORIGINAL SOURCE: 

(C) IMDIVZDUAL ISOLATE: AB5177 



(xi) SEQUENCE DBSCIUPnCN: SBQ ID ND:6: 
GOCAAGCnC TCX3AGCnA0C TGGriGQGTOC ATOraiGn^ 40 
(2) INECRMAnCN FOR SEQ ID NO: 7: 

(i) SEC2UEtO: GHARACIERISnCS : 

(A) IE1I3IH: 30 base pairs 

(B) lYEE: nucleic acid 

(C) SIRANDQUBSS: sii^le 

(D) TOPOLOGY: lijnear 

(ii) M3I£CUI£ TYF6: CNA (genomic) 

(iii) m VLfiUbTlCAL : 

(vi) CRIGINnL SOURCE: 

(C) INDIVIIUAL ISOLATE: AB5137 



(xi) SBQUao: DESCRIPnCN: SBQ ID N0:7: 
CXZAAGCXXHA AAAOaSATCC CICCAAfiCXX: 30 
(2) INR3?MATICN FOR SEQ ID N0:8: 

(i) SBdUEMGE CHARACIERISnCS: 

(A) LENSIH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STOANDETNESS : single 

(D) TOPOaXGV: linear 

(ii) NDLEnJ[I£ TYPE: EKA (genomic) 

(iii) HyPOIHETICAL: NO 

(vi) ORIGINAI. SOURCE: 

(C) INDIVIDUAL ISQIAIE: ABSUB 



(xi) SEQUENCE rffiSGRIPnON: SBQ ID NO: 8: 
QOCJVAQCTrn: TOGAGCITCA TCAGAIT^AAG AiaGWSAT 38 
(2) INPaRMATICN FOR SBQ ID N0:9: 

(i) SBQUENCS CHARACIERISnCS : 

(A) UmiH: 2309 base pairs 

(B) TVTPE: nucleic acid 

(C) STRAN0Q2IBSS: double 

(D) TOPOLOGY: linear 

(ii) M3iIBCUI£ TYPE: DMA (genomic) 
(iii) HYPCrXHEmCMi: 
(iv) ANTI-SENSE: NO 

(vi) CaUGINAL SOURCE: 

(A) ORGANISM: Phaffia rhodozjma 

(B) SIRAIN: CBS 6938 
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(ix) FEAIURE: 

(A) NAME/KE^: excffl 

(B) LDGATTCN: 300.. 330 

(ix) FEAHtJRE: 

(A) NAME/KEY: intrcn 

(B) LOCMTCN: 331. .530 

(ix> FEATURE: 

(A) NAME/KEY: exon 

(B) LCXZAnCN: 531.. 578 

(ix) FEATURE: 

(A) NAME/KEY: intrm 

(B) UXAnCN; 579. .668 

(ix) FEA3URE: 

(A) NAME/KEY: exan 

(B) IDCATICN: 669.. 690 

(ix) EEAIURE: 

(A) NAME/KEV: intrcn 

(B) UXSmCN: 691.. 767 

(ix) FBATORE: 

(A) NA^E/KEY: exnn 

(B) irxancN: 768.. eos 

(ix) FEATURE: 

(A) NAME/KEY: intran 

(B) lOCATICN: 806.. 905 

(ix) FEATURE: 

(A) NAME/KEY: exoxi 

(B) liXanCN: 906.. 923 

(ix) FEATURE: 

(A) NAME/KEY: intrcn 

(B) DXATICN: 924.. 1030 

(ix) FEATURE: 

(A) NAME/KEY: excn 

(B) LDCATICN: 1031.. 1378 

(ix) FEATURE: 

(A) NAME/KEY: intxon 

(B) lOCSVnCN: 1379.. 1508 

(ix) FGKHIRE: 

(A) NAMB/KEY: excn 

(B) lOOVnCN: 1509.. 2020 

(ix) FEA3TJRE: 

(A) NmB/KEY: CSS 

(B) UX3m(X: join(300..330, 531.. 578, 669.. 690, 768.. 805, 906 

..923, 1031.. 1378, 1509.. 2020} 



(xi) SBCJUQCE DESCRIPrrcN: SBQ ID ND:9: 

GL'IATUAGCA AGCACAACIG GGCAGC3SAAC GAGAACAGDl AdtaTOOSIA TCTIOGCAOC: 60 

GACACSAGQC glCIOXXagC Q(XAACXX3(r ( aSTOGGOOa:: TOOXTD^ TGAGOCACOC 120 

AGrTmnc cA iuiumt: Ti:ii:iu, T ii: caaaagicit tocttttaa AoaocxxxxA iso 

AAAAAM3AAG AGGULSACTXT TICnTOCIT CnXXXKICA TtXACAAAGA TCTCICTrCr 240 

TO^ACAACAA CTACIACIAC TAGCACIADC ACCACTACIT CIXJIAACACT CTI7UXATC 299 
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AIG GCr GIC AAG GIT QGA ATC AAC GCJT TIC G (Ji ' AlU ' Kj ' m ' G ' mTli:il,T 350 
Met Ala Val Lys Val Gly lie Asn Gly Phe 

15 10 

5 TGfiGCTOCCC CATOGCTTCr TTOQCriCTC CAltnTIdT TITCCincC TITQCTnTC 410 

TrmrcTOc ccacigccit TnTmrcr ATrcnrmT TrrrcrTTTc ct c iuujl'I'I' 470 

CATCCATOGC ACDVACACXZA TCTCATCICA TCIOyCTCTG QCIO JiWrA CTTOCTACAG 530 

10 

GA CC3A ATC GGA CX3A ATC GIC CTT OSA AAC GOT ATC ATC CAC GGT GAT A 578 
Gly Arg He Gly Arg He Val Leu Arg Asn Ala He He His Gly Asp 
15 20 25 

15 GTCAGlMnT TTTTAATnC I'iTriTlUJL' C3VTCAA3TIC OCICTSCICC TITACICATC 638 

TCTTIXXATC TCICTOOCAC TCICCIACfiG TC GAT CTC GIC GOC ATC AAC GA 690 

He Asp Val Val Ala He Asn Asp 

30 

20 

GIGOGICrAG ATOGACCATC TOGTCXSTOCJG COCAAACACC GKriGACADC ATOCIGTEAA 750 

cnncicic ctocraq c ocr tic atc gat err gag tac ats gic tag aig boi 

Pro Phe He Asp Lsu Glu Tyr Met Val Tyr Met 
25 35 40 45 

TTC A GIAMICrCC CTOCCOCTC A AAAAOOOGAA ACAAAGOOGA ACAGAACCOG 855 
Pte 

ATCTAAOCAT TOGTTCTICr TOOCTnCCT LTitUjiL ' iC TOOCICACRG AG TAC 910 

Lys Tyr 

35 GAC TCC AOC CAC G GnUJlUJAT OOCICTCICr GTCJOaOAACA TCIC03ADOG 963 
Asp Ser Itir His 
50 

QQCcrmxr atctoctsat ooGfnooosr actaacocat AocxjmaxT togio ct tc 1023 

40 

OCnCAG GT GTC TTC AAG OGA TCC GTC GAG ATC AAG GAC QQC AAG CTC 1071 
Gly Val Phe Lys Gly Ser Val Glu He Lys Asp Gly Lys Leu 
55 60 65 

45 GTO ATC GfiG GGC AAG COC ATC GIC GIC TAC GGT GAG OjA GAC CCC GOC 1119 
Val He Glu Gly Lys Pro He Val Val Tyr Gly Glu Arg Asp Pro Ala 
70 75 80 

AAC ATC GAG TGQ OQA GCr GOC GGT GOC GAC TAC GTC GTC GAG TOC ADC 1167 
so Asn He Gin Trp Gly Ala Ala Gly Ala Asp Tyr Val Val Glu Ser Tlir 
85 90 95 

GGT GIC TIC ACC ACT CAG GAG AAG GOC GM3 CIC CAC CIC AAG GGA. GGA 1215 
Gly Val Phe Thr Thr Gin Glu Lys Ala Glu Leu His leu Lys Gly Gly 
55 100 105 no 

GOC AAG AAG GTC GIC ATC TOT GOC OCr TDS GOC GAT GOC OCC ATS TIC 1263 
Ala Lys Lys Val Val He Ser Ala Pro Ser Ala Asp Ala Pro Met Phe 
115 120 125 130 

60 

GTC T3C GGT GIT AAC CIC GAC APG TAC GAC OOC AAG TAC AOC GIC GIC 1311 
Val Cys Gly Val Asn Leu Asp Lys Tyr Asp Pro Lys Tyr Thr Val Val 
135 140 145 

65 

TCC AAC OCT TOG T3C ADC ACC AAC TOC TT3 OCT OOC CIC GOC AAG GIC 1359 
Ser Asn Ala Ser Cys Tlir Tlir Asn Cys Leu Ala Pro Leu Gly Lys Val 
150 155 160 

TO ATC CAC GAC AAC TAC AOC A GTCAGroCIT TNCirTOGAC TTmCTO a O C 1408 
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He His Asp Asn Tyr Vnr 
165 

TirrcrnCT ' lULgncm ' i ' crnrrGriCA aaoovtccrt ac t caooctc Trmu ^ Lri ' 



ixiTi ' mLTr carrcAOsm nocxxrroc: a?rocAC3GAG tt gk: gag acrr crc 

He Val Glu (Sly Lea 
170 

10 ATS ACX: ADC GTC CAC QOC ACC ADC GGC ADC CPG AAG ACC GTC GAC QGT 
Met Hit Thr Val His Ala Hit Hit Ala Ihr Gin Lys Thr Val Asp Gly 
175 180 185 

OCT TOC AAC AAG GAC TOG OSA GGA GGT QGA GGA GCT GGT GOC AAC ATC 
IS Pro Ser Asn Lys Asp Trp Arg Gly Gly Arg Gly Ala Gly Ala Asn He 
190 195 200 205 

ATT GOC TOC TOC ADC GGA QOC QCC AAG GOC GIC GST AAG GIT ATC COC 
He Pro Ser Ser Uir Gly Ala Ala Lys Ala Val Gly Lys Val He i»ro 
2D 210 215 220 

TOC CTC AAC GGA AAG CTC ADC GGA A3G GOC TIC OGA GPS COC ADC OOC 
Ser Leu Asn Gly Lys Leu Hit Gly Mst Ala Phe Arg Val Pro Ttir Pro 
225 230 235 

25 

GOT (JVC TOC GTC CTC GAT CTT GTC GIC OGA ATC GAG AAG GGC GOC TCI 
Asp Val Ser Val Val Asp Leu Val Val Arg He Glu Lys Gly Ala Ser 
240 245 250 

30 TAC GAG GAG ATC AAG GPG ADC ATC AAG AAG GOC TOC CM3 ADC OCT GAG 
Tyr Glu Glu He Lys Glu Ihr He Lys Lys Ala Ser Gin Itir Pro Glu 
255 260 265 

CTC AAG GGT ATC CIG AAC ADC GAC GAC GAG GTC GIC TOC ACC GAT 
u Leu Lys Gly He Leu Asn Tyr ISir Asp Asp Gin Val Val Ser Hhr Asp 
270 275 280 285 

TIC ACC GGT GAC TOT GOC TOC TOC ACC TTC GAC GOC CAG GGC GOT ATC 
Phe Thr Gly Asp Ser Ala Ser Ser Thr Ete Asp Ala Gin Gly Gly He 
40 290 295 300 

TOO CTT AAC GGA AAC TTC GTC AAG CTT GTC TOC TOG TAC GAC AAC GAG 
Ser Leu Asn Gly Asn Phe Val Lys Leu Val Ser Trp Tyr Asp Asn du 

305 310 315 

4) 

TGG GGA to: TCr GOC OSA GTC TOO GAC CTT GIT TCT TO: ATC GOC QOC 
Tcp Gly Tyr Ser Ala Arg Val Cys Asp Leu Val Ser lyr He Ala Ala 
320 325 330 

50 CAG GAC GOC AAG GOC TAAA OjUTli: TCTOCAAAOC Cli: i UJULTr TIG I XTITOCC 
Gin Asp Ala Lys Ala 
335 

CKIT3AMT3 ATTOOCIAAA TO3AAIAT0C CAClTlUiTl' TOIGCICERC CIAT3ATCM 

55 

TTIATCIOTC TnnCITIG TQGGIGIXXXJ TIGIGOGACT GIADOCAOCT CTiCaAGGQAC 
AAGGCAAGAA GIGAGCAAGA lATCAACAAG AACAACAAAG AAAAAGAGAC AAAGAAAAAA 
£0 AAAAOGAAAG AGAAAACAAT OOOGCOOOOC OOOCAAAAAA AAATCTCIAT CITIAITJIUA 
TCAAGAGATT AT 



1468 
1522 

1570 

1618 

1666 

1714 

1762 

1810 

1858 

1906 

1954 

2002 

2057 

2117 
2177 
2237 
2297 
2309 



65 (2) INFORMATICN FOR SBQ ID NO:10: 

(i) SEQUENCE CHARACIERISnCS : 

(A) I£N7IH: 338 amino acids 

(B) TYPE: amino acid 
TO (D) TOEOIDCy: linear 
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(ii) MDLBCULE TYPE: protein 

(Xi) SBC^JENCE nESOlIPTICN: SBQ ID NO: 10: 

s Met Ala Val Lys Val Gly He Asn Gly Phe Gly Aig He Gly Arg He 
15 10 15 

Val Leu Arg Asn Ala He He His Gly Asp He Asp Val Val Ala He 

20 25 30 

10 

Asn Asp Pro Phe He Asp Leu Glu Tyr Met Val Tyr Met Phe Lys Tyr 

35 40 45 

15 Asp Ser Thr His Gly Val Phe Lys Gly Ser Val Glu He Lys Asp Gly 
50 55 60 

Lys Leu Val He Glu Gly Lys Pro He Val Val Tyr Gly Glu Arg Asp 
65 70 75 80 

Pro Ala Asn He Gin Tcp Gly Ala Ala Gly Ala Asp Tyr Val Val Glu 
85 90 95 

Ser Thr Gly Val Phe Ibr Uir Gin Glu Lys Ala Glu Leu His Leu Lys 
25 100 105 110 

Gly Gly Ala Lys Lys Val Val He Ser Ala Pro Ser Ala Asp Ala Pro 
115 120 X25 

30 Met Phe Val Cys Gly Val Asn Leu Ai^ Lys tyr Asp Pro Lys Tyr Tte 

130 135 140 

Val Val Ser Asn Ala Ser Cys Thr Thr Asn Cys Leu Ala Pro Leu Gly 
145 150 155 160 

3S 

Lys Val He His Asp Asn Tyr Thr He Val Glu Gly Leu Met Thr Thr 
165 170 175 

Val His Ala Thr Thr Ala Thr Gin Lys Thr Val Asp Gly Pro Ser Asn 
« 180 185 190 

Lys Asp Trp Arg Gly Gly Arg Gly Ala Gly Ala Asn He He Pro Ser 

195 200 205 

45 Ser Thr Gly Ala Ala Lys Ala Val Gly Lys Val He Pro Ser Leu Asn 
210 215 220 

Gly Lys Leu Thr Gly Met Ala Phe Arg Val Pro Thr Pro Asfp Val Ser 
225 230 235 240 

30 

Val Val Asp Leu Val Val Arg He Glu Lys Gly Ala Ser Tyr Glu Glu 
245 250 255 

He Lys Glu Thr He Lys Lys Ala Ser Gin Thr Pro Glu Leu Lys Gly 
>5 260 265 270 

He Leu Asn Tyr Thr Asp Asp Gin Val Val Ser Thr Asp Phe Thr Gly 
275 280 285 

60 Asp Ser Ala Ser Ser Thr Phe Asp Ala Gin Gly Gly He Ser Leu Asn 
290 295 300 

Gly Asn Ete Val Lys Leu Val Ser Tcp Tyr Asp Asn Glu Trp Gly Tyr 
65 305 310 315 320 

Ser Ala Arg Val Cys Asp Leu Val Ser Tyr He Ala Ala Gin Asp Ala 
325 330 335 

TO Lys Ala 
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(2) INFORMATICN FOR SEQ ID MD: 11: 

(i) SBQC2ENCS OSURACTORISnCS : 

(A) I£M3IH: 3BB base pairs 

(B) lYPE: nucleic acid 

(C) SIRAMDm^S: double 

(D) lOEOLOCnf: linear 

(ii) trytFCVLE TYPE: ENA. (genomic) 

(iii) HyRyXUbTlCAL: NO 

(iv) Aim-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Phaffia rhodozyma 

(ix) FEATORE: 

(A) NAME/KEnf: promoter 

(B) UXATICN:1..385 

(ix) FEKIURE: 

(A) NAME/KEV: TAm_8ignal 

(B) DDCmGN:249..263 

(D) OIHER INHX^MKncei: /labels putative 

(ix) FEAUKE: 

(A) NZ^/KEY: misc^signad 

(B) lOCAnGN:287..302 

(D) COHER INFGRMKnGN:/functicn^ "cap-signsd** 
/labels putative 

(ix) FEKmSEi 

(A) NAME/KEY: ndscJRNA 

(B) IiCX3mCN:3a6..3Ba 

(D) COHER INFORMRTIGNr/fvinction^ "Start of CDS" 

(ix) FEAIURE: 

(A) NAME/KEY: misc_£eature 

(B) UDCKT^zBS 

(D) OIKER INFGKMKITCN: /notes "uncertain*' 



(xi) SBQUQKS DESCRIFIZCN: SBQ ID MD: 11: 

TGGxtaoOTsc Aronmsrac gig a gtca ct gc3Qggqgaaa oocxsAGraoG ' luiumm oG 6o 

CX3CAAGGAAG AAC^^AOGAAG OGCANCXTtAT GAGCA^tfSCAC AACTgOGCAC CXSAAOSAGAA 120 

CACTAACICT OOGrrATCTTC CXZACOGACAC GAOGOGTCIC OCX3QC33QC3W^ OOSCOGgl GC 180 

CXTOCTXXXX: TTADSICTGC CACmCTTT ILT l UiaiU r d Tl L ' l V l Ur OLTiUA AAA 240 

CTCTITCACT TrrAAAGOQC OCXXaAAAAA AGAAGAOQCG ACrmTCIT ■ilXTIfUJ l i: 300 

0CATCATOC3^ CRAACSMCTC TCnCTTCAA GAACMCnC lACIACIADC ACEAC3CADCA 360 

CTACITCICr AACACrcrnV OCKICKIG 388 



(2) INE0!RMA3i:CN FOR SEQ ID N0:12: 

(i) SBCIUEIO: OiARAd^S^STICS: 

(A) IiEH^IH: 2546 base pairs 

(B) TYPE: nucleic acid 

(C) Sn^AMDECNESS: double 

(D) TOBCSXXS^: linear 

(ii) MQUSCai£ lYPE: dCNA 
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(iii) HYPOIHEnCAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Phaffia rhsdozyna 

(ix) FEATORE: 

(A) NAME/KEY: CDS 

(B) liOCATICN: 225.. 2246 

(D) OTHER INPCS?MMnCN: /product^ "PRcrt3" 

(xi) SBQOENCE I3ESCRIPTICN: SBQ ID NO: 12: 

TCTOGAACEA GTOCaTOXC 03GGCrGC3^ GAATrOOQCA OSftSCOGAAA CAAGAACTC3G 60 

ACACAGAGAG ASXTTIGCIG AAGAbTlb'lA TICCTUjAAAG GGAAAACT^ GGAAAGAAGC 120 

GOOGAAGCAC ASCADCAACT TCRGCS^GCX: aGTOCAQCXX: GAItTOOGAT AGACATCKTC 180 

TBiCXXMCr OGTDVrcAXCC 0CAACMA1A GRGnnTGfT OQCA ATS AOS OCT CTC 236 

Met Hit Ala Leu 
1 

OCA TAT TAC CAG AIC CAT CIG ATC TAT ACT CTC CCA AIT CTT GGT CTT 284 
Ala Tyr Tyr Gin lie His Leu He Tyr Thr Leu Pro He Leu Gly Leu 
5 10 15 20 

CTC QQC CTG CIC ACT TCC 003 ATT TIG ACA AAA TIT GRC ATC TPiC AAA 332 
Leu Gly Leu Leu Ihr Ser Pro He Leu Thr Lys Phe A^ He Tyr Lys 
25 30 35 

A3A TOS ATC CIC GiIA TIT ATT G03 TIT ACT OCA AC3C ACA CXA TOG GAC 380 
He Ser He Leu Val Phe He Ala Phe Ser Ala Thr Ihr Pro Trp A^ 
40 45 50 

TCA TGG AIC ATC AGA AAT QGC GCA TC3G ACA TAT CCA TCA GOS GAG AGT 428 
Ser Trp He He Arg Asn Gly Ala Trp Thr Tyr Pro Ser Ala <2.u Ser 
55 60 65 

GQC CAA GGC GIG TIT OGA AOS TTT CIA GAT GIT OCA TAT GAA GAG TAC 476 
Gly Gin Gly Val Ete Gly Ihr Phe Leu Asp Val Pro Tyr Glu Glu Tyr 
70 75 80 

GCr TTC TIT GIC ATT CAA AOC GIA ATC ADC GSC TIG CTC lAC CTPC TIG 524 
Ala Phe Ete Val He Gin Thr Val He Thr Gly Leu Val Tyr Val Leu 
85 90 95 100 

OCA ACT AGG CAC CTT CIC CCA TCT CTC GOS dT OOC A;^ ACT AGA TOG 572 
Ala Thr Arg His Leu Leu Pro Ser Leu Ala Leu Pro Lys Ttnc Arg Ser 
105 110 115 

TOC OOC CTT TCr CTC GOS CTC AAG GOS CIC ATC OCT CPS OOC ATT ATC 620 
Ser Ala Leu Ser Leu Ala Leu Lys Ala Leu He Pro Leu Pro He He 
120 125 130 

TAC cm TTT ADC GCP CAC COC AGO OCA TOS OOC GAC COS CTC GIG ACA 668 
Tyr Leu Phe Thr Ala His Pro Ser Pro Ser Pro Asp Pro Leu Val llir 
135 140 145 

GOT CAC TAC TTC TAC ATS 03G GCA CTC TCC TIA CIC ATC ADC OCA OCT 716 
Asp His Tyr &ne Tyr Met Arg Ala Leu Ser Leu Leu He Hir Pro Pro 
150 155 160 

AOC ATS CTC TIG GCA OCA TIA TCA QQC GAA lAT GCT TTC GAT TSG AAA 764 
Ihr Met Leu Leu Ala Ala Leu Ser Gly Glu Tyr Ala Rie Asp Tcp Lys 
165 170 175 180 

ACT GSC OGA GCA AAG TCA ACT AIT GCA GCA ATC ATS ATC COS ADS GTS 812 
Ser Gly Arg Ala Lys Ser Ihr He Ala Ala He Met He Pro Ihr Val 
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185 190 195 

TAT CIG ATT TGG GIA GKT TAT GTT GCT GTC GCT CRA GAC TCT TOG TOG 860 
Tyr Leu He Trp Val Asp Tyr Val Ala Val Gly Gin Asp Ser Trp Ser 
i 200 205 210 

ATC AAC GAT GAG AAG ATT GTA GGG TOG AGG CTT GGA GGT C?IA CTA CCC 908 
He Asn Asp Glu Lys He Val Gly Trp Arg Leu Gly Gly Val lieu Pro 
215 220 225 

10 

ATT GAG GAA GCT ATC TIC TIC TIA CPS AOS AJVT CIA ATO ATT GIT CTO 956 
He Glu Glu Ala Met Phe £te Leu Leu Thr Asn Leu Met He Val Leu 
230 235 240 

15 OCT CIG TCT GOC TGC GAT CAT ACT CAG GCT CTA TM2 CIG CIA CAC GOT 1004 
Gly Leu Ser Ala Cys Asp His Thr Gin Ala Leu Tyr Leu Leu His Gly 
245 250 255 260 

CGA ACT ATT TAT GOC AAC AAA AAG ATO OCA TCT TCA TIT GOC CIC ATI 1052 
20 Arg Tte He Tyr Gly Asn Lys Lys Met Pro Ser Ser Phe Pro Leu He 
265 270 275 

ACA COG OCT GIG CTC TX CIG TIT TIT AGC AGC OGA OCA TAG TCT TCT HOO 
Thr Pro Pro Val Leu Ser Leu Phe Phe Ser Ser Arg Pro Tyr Ser Ser 
25 280 285 290 

CAG OCA AAA OCT GAC TIG GAA CIG OCA GIC AAG TIG TTG GAG AAA AAG 1148 
Gin Pro Lys Arg Asp Leu Glu Leu Ala Val Lys Leu Leu Glu Lys Lys • 
295 300 305 

30 

AGC OGG AGC TIT TIT GIT GOC TC3S GCT GGA TTT OCT AGC GAA GTT AQG 1196 
Ser Azg Ser Ete Phe Val Ala Ser Ala Gly Phe Pro Ser Glu Val Arg 
310 315 320 

J5 

GAG AGG CIG GTT GGA CIA TAC GCA TIC TSC OQG GKS ACT GAT GAT CIT 1244 
Glu Arg Leu Val Gly Leu Tyr Ala Phe Cys Arg Val Thr Asp Asp Leu 
325 330 335 340 

40 ATC GAC TCT OCT GAA CTA TCT TOC AAC COG CAT GOC ACA ATT GAC ATC 1292 
He Asp Ser Pro Glu Val Ser Ser Asn Pro His Ala rtir He Asp Met 
345 350 355 

GIC TOC GAT TTT CTT AOC CIA CIA TTT G3G OOC COG CIA CAC OCT TOG 1340 
45 Val Ser Asp Phe Leu Thr Leu Leu Phe Gly Pro Pro Leu His Pro Ser 
360 365 370 

CAA OCT GAC AAG ATC CTT TCT TOG OCT TTA CIT OCT OCT TOG CAC OCT 1388 
Gin Pro Asp Lys He Leu Ser Ser Pro Leu Leu Pro Pro Ser His Pro 
30 375 380 385 

TOC OSA OOC AOG GGA ATG TOT OOC CIC COS OCT OCT CCT TOG CTC TOG 1436 
Ser Arg Pro Thr Gly Met Tyr Pro Leu Pro Pro Pro Pro Ser Leu Ser 
390 395 400 

35 

OCT GOC GAG CIC GTT CAA TIC CIT ADC GAA AGG GTT OOC GTT CAA TAC 1484 
Pro Ala Glu Leu Val Gin Phe Leu Ihr Glu Arg Val Pro Val Gin Tyr 
405 410 415 420 

«o CAT TIC GOC TIC AGG TPS CTC GCT AAG TTO CAA GOG CIG ATC OCT OGA 1532 
His Phe Ala Phe Arg Leu Leu Ala Lys Leu Gin Gly Leu He Pro Arg 
425 430 435 

TAC OCA CIC GAC GAA CTC CIT AGA GGA TAC ADC ACT GAT CTT ATC TIT 1580 
6s Tyr Pro Leu Asp Glu Leu Leu Arg Gly Tyr Ihr Thr Asp Leu He Phe 
440 445 450 

COC TTA TOQ ACA GAG GCA CTC CAG GCT OGG AAG ADG OCT ATC GAG ADC 1628 
Pro Lai Ser Thr Glu Ala Val Gin Ala Arg Lys Ihr Pro He Glu Thr 
TO 455 460 465 
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10 



ACA QCTGACTTCCIGGACWOGrrCmTCTGIAGOVOCSC^ 1676 
Thr Ala Asp Leu Leu Asp Tyr Gly Leu Cys Val Ala Gly Ser Val Ala 
470 475 480 

GfiG CIA TIG GTC TAT GTC TCT TOG OCA ACT GCA QCh ACT GAG GIC CCT 1724 
Glu leuLeuValTyrValSerTrpAlaSerAlaProSerGlnValPro 
485 490 495 500 

GC3C AO: Km GAA GAA AGA GAA GCT GIG TIA GIG GCA AGC OSA GAG AIG 1772 
Ala Thr lie Glu Glu Arg Glu Ala Val Leu Val Ala Ser Arg Glu Met 
505 510 515 

GGA ACT GCr err gag TIG GIG AAC ATT GCT AGG GAC ATT AAA GOG GAC 1820 
Gly Thr Ala Leu Gin Leu Val Asn lie Ala Arg Asp lie Lys Gly Asp 

IS 520 525 530 

GCA ACA GAA GOG A3A TIT TAC CIA OCA CIC TCA TIC TIT GCT CTT OOG 1868 
Ala Thr Glu Gly Arg Phe Tyr Leu Pro Leu Ser ftie Phe Gly Leu Arg 
535 540 545 

20 

GAT GAA TCA AA6 CTT GOS ATC CSCG ACT GAT TOG AGG GAA OCT OQG OCT 1916 
Asp Glu Ser Lys Leu Ala He Pro The Asfp Trp Thr Glu Pro Arg Pro 
550 555 560 

25 GAA GAT TIC GAC AAA CIC CIC ACT CIA TCT OCT TOG TCC ACA TIA CCA 1964 
Gin Asp Phe Asp Lys Leu Leu Ser Leu Ser Pro Ser Ser Thr Leu Pro 
565 570 575 580 

TCT TCA AAC GOC TCA GAA AGC TIC OGG TIC GAA T3G AAG AOS TAC TOG 2012 
» Ser Ser Asn Ala Ser Glu Ser Phe Arg Phe Glu Trp Lys Thr Tyr Ser 
585 590 595 



CTT OCA TIA GIC GOC T3^ GCA GAG GAT CTT GOC AAA CAT TCT TAT AAG 2060 
Leu Pro Leu Val Ala Tyr Ala Glu Asp Leu Ala Lys His Ser TVr Lys 
600 60S 610 

GGA ATT GAC OSA CIT CCT AOC G?^ GTT CM^ GOG GGA ATG OGA GOG GCT 2108 
Gly He Asp Arg Leu Pro Thr Glu Val Gin Ala Gly Met Arg Ala Ala 
615 620 625 

TGC GOG AGC 1AC CTA CTG ATC GOC OGA GAG ATC AAA GIC GIT T3G AAA 2156 
Cys Ala Ser Tyr Leu Leu He Gly Arg Glu He Lys Val Val Trp Lys 
630 635 640 

OGA GAC GTIC GGA GAG AGA AGG ACA GIT GOC GGA TGG AGG AGA GIA OGG 2204 
Gly Asp Val Gly Glu Arg Arg Thr Val Ala Gly Trp Arg Arg Val Arg 
645 650 655 660 

AAA GTC TTG ACT GIG GIC ATG AGC GGA TGG GAA GOG CAG TAAGACAGOS 2253 
Lys Val Ser Val Val Met Ser Gly Trp Glu Gly Gin 
665 670 

GAAGAAXAOC GACAGAC3\AT GAIGAGIGA6 AA3AAAATCA TCCICAATCT ' ITJmClUlA 2313 

GGflQCICTXT TTromTCT ATIATGAaCA ACICTAAAGG AACIQGCCIT GCRGATAnT 2373 

CTcncooQC CAicnocic citiocatog TTTCncrrr ocatttpict ogcttiacia 2433 

TGrCAKTICT TmcrroCT TTncrBOC AATCIAGACA ATTCXATAGA TGmAGAKT 2493 
TmraOTTO AaySGITKIA GAOCKIAAAG ACIAAAAAAA A AAAATtf W A AAA 2546 



65 (2) INFORMATICN FOR SBQ ID N0:13: 

(i) SBQUEIICC CHAR7\CI^iaSTICS: 

(A) LQX7IH: 673 anuno acids 

(B) TYPE: amino acid 
10 (D) TQPOLCXjY; linear 
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(ii) MOLBCULE TXPB: protein 

(xi) SE)G|UENCE DESCRIPnCM: SBQ ID N0:13: 

5 Met Thr Ala Leu Ala Tyr Tyr GOn He His Leu He Tyr Thr tieu Pro 
15 10 15 

He Leu Gly Leu Leu Gly Leu Leu Thr Ser Pro He Leu Hir Lys Phe 
20 25 30 

10 

Asp He Tyr Lys He Ser He Leu Val Phe He Ala Ete Ser Ala Thr 
35 40 45 

Thr Pro Trp Asp Ser Tcp He He Arg Asn Gly Ala ttp Thr Tyr Pro 
15 50 55 60 

Ser Ala Glu Ser Gly Gin <^y Val Rie Gly Thr Phe Leu Asp Val Pro 
65 70 75 80 

20 Tyr Glu Glu Tyr Ala Pha Phe Val He Gin Hir Val He Ihr Gly Leu 
85 90 95 

Val Tyr Val Leu Ala Ihr Arg His Leu leu Pro Ser Leu Ala Leu Pro 
100 105 110 

25 

Lys Thr Azg Ser Ser Ala Leu Ser Leu Ala Leu Lys Ala Leu He Pro 
115 120 125 

Leu Pro He He Tyr Leu Hie Thr Ala His Pro Ser Pro Ser Pro Asp 
30 130 135 140 

Pro Leu Val ihr Asp His Tyr Ehe Tyr Net Arg Ala Leu Ser Leu Leu 
145 150 155 160 

33 He Ihr Pro Pro Thr Met Leu Leu Ala Ala Leu Ser Gly Glu Tyr Ala 
165 170 175 

Phe Asp Trp Lys Ser Gly Azg Ala Lys Ser Ihr He Ala Ala He Met 
180 185 190 

40 

He Pro Thr Val Tyr Leu He Trp Val Asp Tyr Val Ala Val Gly Gin 
195 200 205 

Asp Ser Ttp Ser He Asn Asp Glu Lys He Val Gly Trp Arg Leu Gly 
4s 210 215 220 

Gly Val Leu Pro He Glu Glu Ala Met Rie Phe Leu Leu Thr Asn Leu 
225 230 235 240 

SO Met He Val Leu Gly Leu Ser Ala cys A£^ His Ihr Gin Ala Leu Tyr 
245 250 255 

Leu Leu His Gly Arg Thr He Tyr Gly Asn Lys Lys Met Pro Ser Ser 
260 265 270 

55 

Phe Pro Leu He Ihr Pro Pro Val Leu Ser Leu Phe Phe Ser Ser Arg 
275 280 285 

Pro Tyt Ser Ser Gin Pro Lys Arg A£fp Leu Glu Leu Ala Val Lys Leu 
60 290 295 300 

Leu Glu Lys Lys Ser Arg Ser Phe Phe Val Ala Ser Ala Gly Phe Pro 
305 310 315 320 

65 Ser Glu Val Arg Glu Arg Leu Val Gly Leu Tyr Ala Phe cys Arg Val 
325 330 335 

Thr Asp Asp Leu He Asp Ser Pro Glu Val Ser Ser. Asn Pro His Ala 
340 345 350 

TO 
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Thr lie Asp Met Val Ser Asp Phe Leu Thr Leu Leu Phe Gly Pro Pro 
355 360 365 

Leu His Pro Ser Gin Pro Asp Lys lie Leu Ser Ser Pro Leu Leu Pro 
5 370 375 380 

Pro Ser His Pro Ser Arg Pro Thr Gly Met Tyr Pro Leu Pro Pro Pro 
385 390 395 400 

10 Pro Ser Leu Ser Pro Ala Glu Leu Val Gin Phe Leu Thr Glu Aig Val 
405 410 415 

Pro Val Gin Tyr His Phe Ala Phe Arg Leu Leu Ala Lys Leu Gin Gly 
420 425 430 

15 

lie Pro Arg Tyr Pro Leu Asp Glu Leu Leu Arg Gly Tyr Thr Thr 
435 440 445 

Asp Leu lie Phe Pro Leu Ser Itor Glu Ala Val Gin Ala Arg Lys Ihr 
20 450 455 460 

Pro lie Glu Thr Thr Ala Asp Leu Leu Asp Tyr Gly Leu Cys Val Ala 
465 470 475 480 

25 Gly Ser Val Ala Glu Leu Leu Val Tyr Val Ser T^ Ala Ser Ala Pro 
485 490 495 

Ser Gin Val Pro Ala Thr He Glu Glu Arg Glu Ala Val Leu Val Ala 
500 505 510 

ao 

Ser Arg Glu Met Gly Thr Ala Leu Gin Leu Val Asn lie Ala Arg Asp 
515 520 525 

He Lys Gly Asp Ala Thr Glu Gly Arg Phe Tyr Leu Pro Leu Ser Phe 
35 530 535 540 

Phe Gly Leu Arg Asp Glu Ser Lys Leu Ala lie Pro Thr Asp Tcp Thr 
545 550 555 560 

40 Glu Pro Arg Pro Gin Asp Phe Asp Lys Leu Leu Ser Leu Ser Pro Ser 

565 570 575 

Ser Thr Leu Pro Ser Ser Asn Ala Ser Glu Ser Phe Arg Phe Glu Tcp 
580 585 590 

45 

Lys Thr Tyr Ser Leu Pro Leu Val Ala Tyr Ala Glu Asp Leu Ala Lys 
595 600 605 

His Ser Tyr Lys Gly He Asp Arg Leu Pro Thr Glu Val Gin Ala Gly 
» 610 615 620 

Met Arg Ala Ala Cys Ala Ser Tyr Leu Leu lie Gly Arg Glu He Lys 
625 630 635 640 

55 Val Val Tcp Lys Gly Asp Val Gly Glu Arg Arg Thr Val Ala Gly Tip 
645 650 655 

Arg Arg Val Arg Lys Val Leu Ser Val Val Met Ser Gly Trp Glu Gly 
660 665 670 

Gin 

(2) ZMFORMKITGN FOR SEQ ID MD:14: 

65 

(i) SBQUEIICE CHARACIQ^SnCS: 

(A) L£II?IH: 1882 base pairs 

(B) TVPE: nucleic acid 

(C) STTWMDEIMESS: double 
w (D) TDPQLOGy^: linear 
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(ii) MXEXI3LE TYPE: CSMA 

(iii) HyPOramCAL: ND 

(iv) MTIT-SENSE: NO 

(vi) ORIGINAL SCURCE: 

(A) CStSfmmt Phaffia rhoeSozyma 

(ix) FEATORE: 

(A) NAME/KEY: 036 

(B) UXOTICN: 82.. 1212 

(D) OTHER INFCRMATICN: /product^ "PRcrtE" 

(Xi) SEQUENCE DESCSaPTICN: SBQ ID N3:14: 

GGCAOSAGCX: AAnTAAAGTr GCACPCAGOC KIMjCIMCPl CACAGAACTA CAmOOmv 60 

CACTCATOCG GAACACA3M G ATO GAT IRC GOG AAC ATC CIC ACA GCA ATT 111 

Met Asp Tyr Ala Asn lie Jj&a Thr Ala lie 
15 10 

CO^ dC GM3 TIT ACT CCT GAG GAT GAT ATC GIG CTC CIT GAA OOG TAT 159 
Pzo Leu Glu Phe Thr Pro Gin Asp Asp lie Val Leu Leu Glu Pro Tyr 
15 20 25 

CAC TTC cm GGA AAG AAC OCT GQA AAA GAA ATT CGA TCA CAA CTC K£C 207 
His lyr Leu Gly Lys Asn Pro Gly Lys Glu lie Arg Ser Gin L^ lie 
30 35 40 

GAG GCr TTC AAC ITO* TGC3 TPS GAT CrlC AAG AAG GAG GAT CIC GAG GIC 255 
Glu Ala Phe Asn Tyr Ttp Lsu Asp Val Lys Lys Glu Asp Leu Glu Val 
45 50 55 

35 ATC CSG AAC GIT GIT GGC AIG CIA CAT AOC GCT AGC TIA TIA ATS GAC 303 
lie Gin Asn Val Val Gly Met Leu His Thr Ala Ser Leu Leu Met Asp 
60 65 70 

GKT GIG GAG GAT TCA TC5 GIC CIC AGG OGT GOG TOG CCT GIG GGC 351 
40 Asp Val Glu Asp Ser Ser Val Leu Arg Arg Gly Ser Pro Val Ala His 
75 80 85 90 

CIA ATT TAC GGG ATT COS CAG ACA ATA AAC ACT GCA AAC TAC GIC TAC 399 
Leu He TVr Gly He Pro Gin Thr He Asn Thr Ala Asn Tyr Val Tyr 
45 95 100 105 

TIT CIG GCT IKT CAA GAG ATC TTC AAG CTT CX3C OCA ACA OOG ATA COC 447 
£tse Leu Ala Tyr Gin Glu He She Lys Leu Arg Pro Thr Pro He Pro 
110 115 120 

50 

ATG GCT GIA ATT OCT OCT TCA TCT GCT TOG CTT CAA TCA TGC GIC TCC 495 
Met Pro Val He Pro Pro Ser Ser Ala Ser Leu Gin Ser Ser Val Ser 
125 130 135 

55 TCr GCA TOC TCC TGC TOC TOG GCC TOG TCT GAA AAC GOG GGC ACG TCA 543 
Ser Ala Ser Ser Ser Ser Ser Ala Ser Ser Glu Asn Gly Gly Thr Ser 
140 145 150 

ACT OCT AAT TOS CAG ATT COG TTC TOG AAA GAT AOS TAT CTT GAT AAA 591 
(o Thr Pro Asn Ser Gin He Pro Ete Ser Lys Asp Thr Tyr Leu Asp Lys 
155 160 165 170 

GIG ATC ACA GAC GAG ATS CIT TCC CTC CAT AGA GGG CAA GGC CIG GAG 639 
Val He Thr Asp Glu Met Leu Ser Lsu His Axg Gly Gin Gly leu Glu 
65 175 180 185 

CIA TIC TOS AGA GKT ACT CIG AOS TCT OCT AGC GAA GAG GAA TAT GIG 687 
Leu Phe Ttp Arg Asp Ser Leu Thr Cys Pro Ser Glu Glu Glu Tyr Val 
190 195 200 

70 
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AAA AT3 GIT CTT GC3A AAG AOG OGA GC?r TTO TIC OCT ATA GOS OTC AGA 735 
Lys Met Val Lau Gly Lys Ihr Gly Gly Leu Phe Arg lie Ala Val Arg 
205 210 215 

5 TIG ATG AIG OCA AAG TCA GAA TCTT GAC AOA GAC TTT GTC CAG CTT GTC 783 
Leu Met Met Ala Lys Ser Glu Cys Asp lie Asp Phe Val Gin Leu Val 
220 225 230 



10 



AAC TT3 ATC TCA ATA TAC TIC A!IC AOG GAT GAC TAT AIG AAC CTT 831 
Asn He Ser He Tyr Phe Gin He Arg Asp Asp Tyj^ Met Asn Leu 
235 240 245 250 

CAG TCr TCT GAG "lAT QOC CAT AAT AAG AAT TIT GCA GAG GAC CIX: ACA 879 
Gin Ser Ser Glu Tyr Ala His Asn Lys Asn Phe Ala Glu Asp Leu Thr 
15 255 260 265 

GAA QQG AAA TTC ACT TIT OOC ACT ATC CAC T03 ATT CAT GOC AAC OCT 927 
Glu Gly Lys Phe Ser Phe Pro Ihr lie His Ser He His Ala Asn Pro 
270 275 280 

20 

ICA TOG AGA CIC G?IC ATC AAT ADS TIG CAG AAG AAA TOG AOC TCT OCT 975 
Ser Ser Arg Leu Val He Asn Hir Leu Gin Lys Lys Ser Thr Ser Pro 
285 290 295 

25 GAG ATC CTT CAC CAC TST GTIA AAC TAC ATG OOC ACA GAA AOC CAC TCA 1023 
Glu He Leu His His Cys Val Asn lyr Met Arg Thr Glu Thr His Ser 
300 305 310 

TTC GAA TAT ACT CAG GAA GTC CIC AAC AOC TIG TCA GGT OCA CIC GAG 1071 
30 Phe Glu Tyr Ihr Gin Glu Val Leu Asn Ihr Leu Ser Gly Ala Leu Glu 
315 320 325 330 

AGA GAA cm GGA AGG CTT CAA GQA GW3 TIC GCA GAA OCT AAC TCA AGG 1119 
Arg Glu L^ Gly Arg Leu Gin Gly Glu Phe Ala Glu Ala Asn Ser Arg 
35 335 340 345 

AIG GAT err GGA GAC GTA GAT T03 GAA GGA PGA AOG GGG AAG AAC GIC 1167 
Met Asp Leu Gly Asp Val Asp Ser Glu Gly Arg Ihr Gly Lys Asn Val 
40 350 355 360 

AAA TIG GAA GOG ATC CTG AAA AAG CTA GCC GAT ATC OCT CIG TGAAAGAACA 1219 
Lys Leu Glu Ala He Leu Lys Lys Leu Ala Asp He Pro Leu 
365 370 375 

45 

TWTicrcicr ciosicrsic osmciAic alajutitjat AAGrrorcrc rrmiiujm 1279 

AQOGnTSIC AGATGATTOS AdTGnTOIG CldATRXC OSrrCAICTr TrilALTlUj 1339 

50 AcmTncr cmcoGTiGCA tsogcahog CKncrcrro TrcKPcrror amAMTiG 1399 
TTOSAcnaAA csaiAMXAT GGiGicncr icrmasAA GAAKiciajr GAcrroriGA 1459 

ACnCAAdA lAATlAATCA lATKATATC TCAAAGICTT GGICncroS CAAHalGATT 1519 

55 

CL'iixTiixA orroocicrr ' iuaiticvit ciCATraMc o^mLTriT iCTrnTiuc 1579 

TCicciGicr cncrnwrr ooocrroosr ciu ' iviuiCT ijjvvvvcvcv TCAcrnnr 1539 

60 TTTKATCIT CICTOGGTCA ALTIUIXJOT TOOCICICT MGGldCAT GTCAACAOGT 1699 

GOCAAQOOG TCAaAOGTOT GCAflQSIGKT GTPCPGTOG^ TTIGOCATOC CICITCDCftG 1759 

GGICICAICr AICITOICIA TOQACmTC CIUTITIUA ATnCCPCDG A b ' lTriAiCT 1819 

IGGDOAAGC AATOGAGAAG AGOGCAAAAA A AAAAAAAAA AAAAAAAAAA AAAAAACIOS 1879 

AGG 1882 



65 
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(2) INPORMAnCN FOR SBQ ID N0:15: 

(i) SEQUENCE CHARACmUSTICS: 

(A) LENGIH: 376 amino acicJs 
5 (B) TYPE: amino acid 

(D) TC^OLCX^: linear 

(ii) MXBCX]!^ TYPE: piiotein 

10 (xi) SEQUex:^ DESaOPnCK: SEQ ID N0:15: 

Met Asp Tyr Ala Asn lie lieu TChr Ala He Pro Leu du Phe Ttor Pro 
15 10 15 

15 Gin Asp Asp He Val Imu Leu Glu Pro Tyr His Tyr Leu Gly Lys Asn 
20 25 30 

Pro Gly Lys Glu He Arg Ser Gin Leu lie Glu Ala %b Asn Tyr Trp 
35 40 45 

20 

Leu Asp. Val Lys Lys Glu A^ Leu Glu Val He Gin Asn Val Val Gly 
50 55 60 

Met Leu His Ttir Ala Ser Leu Leu Met Asp Aqp Val Glu Asp Ser Ser 

25 65 70 75 80 

Val Leu Arg Arg Gly Ser Pro Val Ala His Leu He Tyr Gly He Pro 
65 90 95 

30 Gin Thr He Asn Thr Ala Asn Tyr Val Tyr Phe l£u Ala Tyr can Glu 
100 105 110 

He Phe Lys Leu Arg Pro Hir Pro He Pro Met Pro Val He Pro Pro 
115 120 125 

35 

Ser Ser Ala Ser Leu Gin Ser Ser Val Ser Ser Ala Ser Ser Ser Ser 
130 135 140 

40 Ser Ala Ser Ser Glu Asn Gly Gly Thr Ser Thr Pro Asn Ser Gin He 
145 150 155 160 

Pro Phe Ser Lys Asp Thr Tyr Leu Asp Lys Val He Thr Asp Glu Met 
165 170 175 

45 

Leu Ser Leu His Arg Gly Gin Gly Leu Glu Leu Phe Ttp Arg Ai^ Ser 
180 185 190 

Leu Thr Cys Pro Ser Glu Glu Glu Tyr Val Lys Met Val Leu Gly Lys 
so 195 200 205 

Thr Gly Gly Leu Ite Arg He Ala Val Arg Leu Net Met Ala Lys Ser 
210 215 220 

55 Glu Cys A^ He Asp Phe Val Gin Leu Val Asn Leu He Ser He Tyr 
225 230 235 240 

Phe Gin He Arg Asp Asp Tyr Met Asn Leu Gin Ser Ser Glu Tyr Ala 
245 250 255 

60 

His Asn Lys Asn Phe Ala Glu Asp Leu Thr Glu Gly Lys Phe Ser Phe 
260 265 270 

Pro Thr He His Ser He His Ala Asn Pro Ser Ser Arg Leu Val He 
65 275 280 285 

Asn Thr Leu Gin Lys Lys Ser Thr Ser Pro Glu He Leu His His Cys 
290 295 300 

70 Val Asn Tyr Met Arg Thr Glu Thr His Ser Phe Glu Tyr Thr Gin Glu 
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305 310 315 320 

Val 1^ Asn Ito Leu Ser Gly Ala leu Glu Arg Glu Leu Gly Am Leu 
325 330 335 

Gin Gly Glu Ehe Ala Glu Ala Asn Ser Arg Met Asp lieu Gly Asp Val 
340 345 350 

Asp Ser Glu Gly Arg Ihr Gly Lys Asn Val Lys Leu Glu Ala He Leu 
> 355 360 365 

Lys Lys Leu Ala Asp He Pro Leu 
370 375 

(2) IMFaRMATICH FOR SEQ ID N0:16: 

(i) SEQUENCE CHARACIERISTICS : 

(A) LENGTH: 2056 base pairs 
' (B) lYPE: nucleic acid 

(c) swmmxEss: double 

(D) TOPQLOGy: linear 
(ii) MDrflror.K TTPE: c£NA 
(iii) HyPGnHEITCAL: NO 

(iv) mn-saisE: nd 

^ (vi) aUGINAL SOURCE: 

(A) ORGANISM: »iaffia rhsdszyna 

(ix) FEAIURE: 

(A) NAME/KEY: CDS 

(B) LXATICW: 46.. 1794 

(D) uastn 31)FORmTZaT: /products "PRcrtI" 



(xi) SEQUENCE DESCRIPITCN: SEQ ID ND:16: 

40 

CXIJKXmaAA TCIAACITGA OVMAACTC m»rAl VIOT ACTOS ATO GGA AAA 54 

Met Gly Lys 
1 

45 GAA CAA GAT C^G GAT AAA COC ACA GCT ATC ATC GIG GGA TCT GGT ATC 102 
Glu Gin Asp Gin Asp Lys Pro Thr Ala He He Val Gly Cys Gly He 
5 10 15 

GGT GGA ATC GGC ACT GCE GCT OCT CTT OCT AAA GAA GCT TtC CAG GIC 150 
» Gly Gly lie Ala Hir Ala Ala Arg Leu Ala Lys Glu Gly Pbe Gin Val 
20 25 30 35 

AQG GflG TTC GAG AAG AAC GAC lAC TOC GGA GCT OGA TOO TCT TEA ATC 198 
Thr Val Phe Glu Lys Asn Asp Tyr Ser Gly Gly Arg Cys Ser Leu He 
« 40 45 50 

GAG OGA GAT OCT TAT C3GA TTC GAT CWS GOG OCC ACT TTC CIG CIC TPS 246 
Glu Arg Asp Gly Tyr Arg Fhe Asp Gin Gly Pro Ser Leu Leu Leu Leu 
55 60 65 

60 

CCA GAT CTC TIC AAG CAG ACA TTC GAA GAT TIG GGA GAG AAG ATC GAA 294 
Pro Asp Leu Phe Lys Gin Thr Phe Glu Asp Leu Gly Glu Lys Met Glu 
70 75 80 

65 GAT T3G GIC GAT CTC ATC AAG TCT GAA COC AAC TAT GIT T3C CAC TTC 342 
Asp TTp Val Asp Leu He Lys Cys Glu Pro Asn Tyr Val Cys His 
85 90 95 

CAC GAT GAA GAG ACT TTC ACT TTT TCA AOC GAC ATS GOG TTC CTC AAG 390 
TO His Asp Glu Glu Thr Ehe Thr Phe Ser Thr Asp Met Ala Leu Leu Lys 
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100 105 110 115 

CX3G GAA GTC GAG CXTT TIT GAA GQC AAA GAT QGA TTT GAT COG TPC TIG 438 
Arg Glu Val Glu Arg Phe Glu Gly Lys Asp Gly Phe Asp Aig Phe Leu 
5 120 125 130 

TOG TTT Arc CAA GAA GCC C3\C AGA C3VT TAC GAG CTT GCT GIC GTT C3^ 486 
Ser Phe lie Gin Glu Ala His Arg His Tyr Glu Ijeu Ala Val Val His 
135 140 145 

10 

GTC CIG CAG AAG AAC TTC CXTT GGC TTC GCA GCA TTC TTA CX3G CIA GAG 534 
Val Leu Gin Lys Asn Phe Pro Gly Phe Ala Ala Phe Leu Arg Leu Gin 
150 155 160 

15 TTC ATT GQC CAA ATC CIG GCT CTT CAC OX TTC GW3 TCT ATC TOG ACA 582 
Ete He Gly Gin He Leu Ala Leu His Pro Phe Glu Ser He Trp Thr 
165 170 175 

AGA GIT TGT CGA TAT TTC AH3 ADC GAC AGA TEA OGA AGA GTC TTC TCG 630 
20 Arg Val Cys Arg Tyr PhB Lys Thr Asp Arg Leu Arg Arg Val Phe Ser 
180 185 190 195 

TIT GCA GIG AIG TAC ATG QGT CPA AGC CCA TAG ACT GCX3 CCE GGA ACA 678 
^ Ala Val Met Tyr Met Gly Gin Ser Pro Tyr Ser Ala Pro Gly Hir 
23 200 205 210 

TAT TOC TIG CTC CAA TAC ACC GAA TIG ACC GAG GC3C ATC TCG TAT COS 726 
Tyr Ser Leu ijsa Gin Tyr Ihr Glu Leu Thr Glu Gly He Trp Tyr Pro 
215 220 225 



30 



6S 



AGA GGA G3C TTT TC3G CAG GIT OCT AAT ACT CTT CTT CAG ATC GTC AAG 774 
Arg Gly Gly Phe Trp Gin Val Pro Asn Thr lieu Leu Gin He Val Lys 
230 235 240 

ox: AAC AAT OCC TCA QOC AAG TIC AAT TIC AAC OCT CCA GIT TOC CAG 822 
Arg Asn Asn Pro Ser Ala Lys Phe Asn Phe Asn Ala Pro Val Ser Gin 
245 250 255 

GTT err dC TCT OCT GOC AAG GAC CGA GOG ACT GGT GlT OGA CTT GAA 870 
Val Leu lieu Ser Pro Ala Lys Asp Arg Ala Thr Gly Ved Arg Leu Glu 
260 265 270 275 

TCC GGC GAG GAA CAT CAC GOC GAT GIT GIG ATT GIC AAT OCT GAC CTC 918 
Ser Gly Glu Glu His His Ala Asp Val Val He Val Asn Ala Asp Leu 
280 285 290 

GTT TAC GCC TCC GAG CAC TPG ATT CCT GAC GAT GOC AGA AAC AAG ATT 966 
Val Tyr Ala Ser Glu His Leu He Pro Asp Asp Ala Arg Asn Lys He 
295 300 305 

GQC CAA Cro GOT GAA GIC AAG AGA ACT TOG TX3G GCT GAC TTA GTT GGT 1014 
Gly Gin Leu Gly Glu Val Lys Arg Ser Trp Tcp Ala Asp Leu Val Gly 
310 315 320 

GGA AAG AAG CIC AAG GGA ACT TGC ACT ACT TIG AGC TTC TAC TGG AGC 1062 
Gly Lys Lys Leu Lys Gly Ser Cys Ser Ser Leu Ser Kje Tyr Trp Ser 
325 330 335 

A3G GAC OGA ATC GIG GAC GST CIG GGC GGA CAC AKT ATC TTC TIG GOC HIO 
Met Asp Arg He Val A^ Gly Lai Gly Gly His Asn He Ete Leu Ala 
340 345 350 355 

GAG GAC TTC AAG GGA TCA TTC GAC ACA K£C TIC GAG GAG TTO OCT CTC 1158 
Glu A£fp Phe Lys Gly Ser Hse A^ Thr He Phe Glu Glu Leu Gly Leu 
360 365 370 

CCA GOC GAT OCT TCC TTT TAC GIG AAC GTT OOC TOG OGA ATC GAT OCT 1206 
Pro Ala Asp Pro Ser Phe Tyr Val Asn Val Pro Ser Arg He Asp Pro 
375 380 385 



SUBSTITUTE SHEET (RULE 26) 



wo 97/23633 



58 



PCT/EP96/05887 



TCTrGCCCXn-CCCGAAOCSCAAAGATCCTATCGICArrOT 1254 
Ser Ala Ala Pro Glu Gly Lys Asp Ala He Val He Leu Val Pro CVs 
390 395 400 

5 OQC CAT ATC GAC OCT T0C5 AAC CCT CAA GAT TAC AAC AAG CTT GIT GCT 1302 
Gly His He Asp Ala Ser Asn Pro Gin Asp Tyr Asn Lys Leu Val Ala 
405 410 415 

COG OCA AGG AAG TTT GIG ATC CAA AOS CTT TOC QCX: AA6 CIT GQA CTT 1350 
10 Arg Ala Arg Lys Phe Val He Gin Ihr Leu Ser Ala Lys Leu Gly Lai 
420 425 430 435 

CXr GAC TIT GAA AAA ATS ATT GIG GCA GAG AAG GTT CAC GAT GCT CXT 1398 
Pro Asp Phe Glu Lys Met He Val Ala Glu Lys Val His Asp Ala Pro 

15 440 445 450 

TCT TOG GAG AAA GAA TTT AAC CTC AAG GAC GGA AGC MC TIG QGA CIG 1446 
Ser Trp Glu Lys Glu Phe Asn Leu Lys Asp Gly Ser He Leu Gly lieu 
455 460 465 

20 

GCT CAC AAC TIT ATO CAA GTT CTT GGT TIC AGS COS AGC ADC AGA CAT 1494 
Ala His Asn Phe Met Gin Val Leu Gly Ete Arg Pro Ser Thr Arg His 
470 475 480 



25 OOC AAG TAT GAC AAG TIG TIC TIT GIC GOG GCT TCS ACT CAT GCC QGA 1542 
Pro Lys Tyr Asp Lys Leu Phe Phe Val Gly Ala Ser Ite His Pro Gly 
485 490 495 

ACT GOG GIT OCT AlC GIC TIG GCT GGA GCC AAG TEA ACT GOC AAC CAA 1590 
3D Ohr Gly Val Pro He Val Leu Ala Gly Ala Lys Leu Thr Ala Asn Gin 
500 505 510 515 

GTT CTC GAA TOC TTT GAC OGA TOC CCPi GCT OCA GAT OCC AAT ATS lOV 1638 
V^ Ijsa Glu Ser £%ie Asp Arg Ser Pro Ala Pro Asp Pro Asn Met Ser 
35 520 525 530 



CTC TOC GIA 0C3V lAT GGA AAA OCT CTC AAA TCA AAT GGA AOS GGT ATC 1686 
Leu Ser Val Pro Tyr Gly Lys Pro Leu Lys Ser Asn Gly Ttor Gly He 
535 540 545 

GAT TCT CPG GTC CAG CIG AAG TIC AIG GAT TIG GAG AGA TSG GEA TPiC 1734 
Asp Ser Gin Val Gin Leu Lys Phe Met Asp Leu Glu Arg Ttp Val Tyr 
550 555 560 



45 CTT TIG GTS TIG TIG KTT GOG GOC GTS AIC OCT 03A TOC GIT GGT GIT 1782 
Leu Leu Val Leu Leu He Gly Ala Val He Ala Arg Ser Val Gly Val 
565 570 575 

err GCT TIC TGAAGC3\M3A GAAOGRTOGT TICTTAGAGr TmrnAGT 1831 
so Leu Ala Phe 
580 

CICITOCIGr GITCrCICIA TATACATACT CrSCTOJICT GITCICncr OGAGOGnCC 1891 
55 TCITIACnT GIGICAGAGT CKIADOaSSr ClCinCAAC (Ji UJUTl ' lUA GQGCIAGACA 1951 



MTOrraGPC TGGAAA3CIC CAICADCICA AGIdGKHvT TCSOCMCrr TlTEKnOGr 2011 
60 TQCAA3AIAC ATOAL'lUriA TQGACGSAAA AAAAAAAAAA AAAAAAA 2058 



(2) INFOra«nCN FOR SEQ ID N0jl7: 

(i) SEQUENCE CHARACTESISTICS: 

<A) X^IjIH: 582 amino acids 
(B) TiPB: aimno acid 
(D) TOPQLQGy: linear 

(ii) MCX£CUL£ TVPE: protein 
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(xi) SBQUEMiS DESaaPTICN: SBQ ID IX):X7: 

Met Gly Lys Glu Gin Asp Gin Asp Lys Pro Ihr Ala He lie Val Gly 
15 10 15 

5 

Cys Gly He Gly Gly lie Ala Thr Ala Ala Arg Leu Ala Lys Glu Gly 
20 25 30 

Phe Gin Val Hir Val Phe Glu Lys Asn Asp Tyr Ser Gly Gly Arg cys 
10 35 40 45 

Ser Leu He Glu Arg Asp Gly Tyr Arg Plie Asp Gin Gly Pro Ser Leu 
50 55 60 

15 Leu Leu Leu Pro Asp Leu E^ie Lys Gin Ihr Phe Glu Asp Leu Gly Glu 
65 70 75 80 

Lys Met Glu Asp Trp Val Asp Leu He Lys Cys Glu Pro Asn Tyr Val 
85 90 95 

20 

Cys His Phe His J\sg Glu Glu Hir Phe Thr &aB Ser Thr Asp Met Ala 
100 105 HO 

L^ Leu Lys Arg Glu Val Glu Arg Phe Glu Gly Lys Asp Gly Phe Asp 
IS 115 120 125 

Arg Phe Leu Ser Ph& He Gin Glu Ala His Arg His Tyr Glu Leu Ala 
130 135 140 

30 val Val His Val Lsu Gin Lys Asn Phe Pro Gly Phe Ala Ala Ete Leu 
145 150 155 160 

Arg Leu Gin Phe He Gly Gin He Leu Ala Leu His Pro Ete Glu Ser 
165 170 175 

35 

He Trp Thr Arg Val Cys Arg Tyr Phe Lys Thr Asp Arg Leu Arg Arg 
180 185 190 

Val Phe Ser Ite Ala Val Met Tyr Met Gly Gin Ser Pro Tyr Ser Ala 
40 195 200 205 

Pro Gly Ihr Tyr Ser Leu Leu Gin Tyr Thr Glu Leu Thr Glu Gly He 
210 215 220 

45 Trp Tyr Pro Arg Gly Gly Phe Trp Gin Val Pro Asn Thr Leu Leu Gin 
225 230 235 240 

He Ved Lys Arg Asn Asn Pro Ser Ala Lys Phe Asn Phe Asn Ala Pro 
245 250 255 

so 

Val Ser Gin Val Leu Leu Ser Pro Ala Lys Asp Arg Ala Thr Gly Val 
260 265 270 

Arg Leu Glu Ser Gly Glu Glu His His Ala Asp Val Val He Val Asn 
ss 275 280 285 

Ala A^ Lsu Val Tyr Ala Ser Glu His Leu He Pro Asp Asp Ala Arg 
290 295 300 

60 Asn Lys He Gly Gin Leu Gly Glu Val Lys Arg Ser Trp Ttp Ala Asp 
305 310 315 320 

Leu Val Gly Gly Lys Lys Leu Lys Gly Ser Cys Ser Ser Leu Ser Phe 
325 330 335 

65 

Tyr Trp Ser Met Asp Arg He Val A^ Gly Leu Gly Gly His Asn He 
340 345 350 

Phe Leu Ala Glu Asp Phe Lys Gly Ser Phe Asp Thr He Phe Glu Glu 
70 355 360 365 
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Leu Gly Leu Pro Ala Asp Pro Ser Phe lyr Val Asn Val Pro Ser Arn 
370 375 380 

He Asp Pro Ser Ala Ala Pro Glu Gly Lys Asp Ala lie Val He Leu 
5 385 390 395 400 

Val Pro Cys Gly His He Asp Ala Ser Asn Pro Gin Asp Tyr Asn Lys 
405 410 415 

10 Leu Val Ala Azg Ala Arg Lys Phe Val He Gin Ihr Leu Ser Ala Lys 
420 425 430 

Leu Gly Leu Pro Asp Phe Glu Lys Met He Val Ala Glu Lys Val His 
435 440 445 

15 

Asp Ala Pro Ser Trp Glu Lys Glu Phe Asn Leu Lys Asp Gly Ser He 
450 455 460 

Leu Gly Leu Ala His Asn Phe Met Gin Val Leu Gly Ete Acg Pro Ser 
20 465 470 475 480 

Hhr Arg His Pro Lys Tyr A£fp Lys Leu Phe Phe Val Gly Ala Ser thr 
485 490 495 

25 His Pro Gly Thr Gly Val Pro He Val Leu Ala Gly Ala Lys Leu Ihr 
500 505 510 

Ala Asn Gin Val Leu Glu Ser Phe Asp Arg Ser Pro Ala Pro Asp Pro 
515 520 525 

30 

Asn Met Ser Lai Ser Val Pro Tyr Gly Lys Pro Leu Lys Ser Asn Gly 
530 535 540 

Ihr Gly He Asp Ser Gin Val Gin Leu Lys Ete Met A^ Leu Glu Arg 
35 545 550 555 560 

Ttp Val Tyr Leu Leu Val Leu Leu He Gly Ala Val He Ala Arg Ser 
565 570 575 

« Val Gly Val Leu Ala Phe 
580 



45 (2) INFCRMATICN FOR SBQ ID N0:18: 

(i) SBCPEMCS OlARACIEEUSnCS : 

(A) I£3I[?IH: 2470 base paiirs 

(B) TOPE: nucleic acid 

so (C) SISU^NDEZXOSSS: double 

(D) TOTOLOGY: linear 

(ii) MOLECULE TYPE: ClMA 

55 (iii) HYPOflHEmCRL: NO 

(iv) ANTI-SENSE: tO 

(vi) ORIGINAL SOURCE : 
60 (A) CRGRNISM: Kiaffia rhodozynci 

(ix) FEAIURE: 

(A) Wm/VEft CDS 

(B) lOCSlTiaN: 177. .2198 

M (D) CFIHER INFORMKnCN: /product = "PRcrtY" 

(xi) SBQOENCE DESOaPnON: SBQ ID NO: 18: 
AACAAGAACn GGAOOVSAG AGAICITIGC TGAMSAGTIG lATIOCAGAA AGQGAAAACA 60 
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AAGGAAAGAA QCX30CGAfiGC JOOCROCSUV CTTOGCAAG CX33G?rOCaQC (X£3KICr03G 120 

A17^3AC3^TCA TCn7^CCX3\A CTOSDVTCS^ OOOCAACAG^ TAGAGnTTT GTOGCA 176 

5 ATG AOG GCr CTC GCA TOT TAC CftG AIC CKT CIG ATC TOT ACT CIC COV 224 
Met Thr Ala Leu Ala Tyr Tyr Gin lie His Leu He Tyr rhr lieu Pro 
15 10 15 

ATT err OJT err cvc ggc cro cic act toc cx33 ait tig aca aaa tit 272 
10 He Leu Gly Leu Leu Gly Leu Leu Htxr Ser Pro He Leu Ttxr Lys Phe 
20 25 30 

GAC ATC TAC AAA Am TOS ATC CTC GIA TTT ATT G03 TIT ACT GOV ADC 320 
Asp He Tyr Lys He Ser He Leu Val Phe He Ala Phe Ser Ala Thr 
IS 35 40 45 

ACA CCA TOG GAC TCA T3G ATC ATC AGA AAT GQC OCA T3S ACA TKT CCA 368 
Ihr Pro Tcp Asp Ser Trp He He Arg Asn Gly Ala Trp Thr Tyr Pro 
50 55 60 

20 

TCA GOG GAG ACT GQC CAA GQC GIG TTT QC3A ADS TIT CTA GKT GIT CCA 416 
Ser Ala Glu Ser Gly Gin Gly Val Phe Gly Thr Phe Leu A^ Val Pro 
65 70 75 80 

25 TAT GAA GAG TAC OCT TIC TTT GIC ATT OWV ACC GIA ATC ACC GGC TIG 464 
lyr Glu Glu Tyr Ala Phe Phe Val He Gin Thr Val He Ihr Gly Leu 
85 90 95 

GTC TAC GTC TTS GCA ACT AGG GAC CTT CTC OCA TCT CTC GOS CTT CCC 512 
30 Val Tyr Val Leu Ala Thr Arg His Leu Leu Pro Ser Leu Ala Leu Pro 
100 105 HO 

AAG ACT AGA TOG TOC GCC CTT TCT CTC GCG CTC AAG GOG CTC ATC OCT 560 
Lys Ihr Arg Ser Ser Ala Leu Ser Leu Ala Leu Lys Ala leu He Pro 
35 115 120 125 

CIG GCC ATT MC TOC CIA TTT AOC OCT CAC GCC AGC OCA TOG OOC GAC 608 
Leu Pro He He Tyr Leu Phe Ihr Ala His Pro Ser Pro Ser Pro Asp 
130 135 140 

40 

COG CTC Oro ACA GAT CAC 1AC TTC TJVC ATG OGG GCA CTC TOC TIA CTC 656 
Pro Leu Val Ihr Asp His Tyr Phe lyr Nst Arg Ala Leu Ser Leu Leu 
145 150 155 160 

45 ATC AOC CC3^ OCT ACC MG CIC TIG GCA OCA TIA TCA GGC GAA TAT GCT 704 
He Thr Pro Pro Thr Met Leu Leu Ala Ala Leu Ser Gly Glu Tyr Ala 
165 170 175 

TTC GAT TOG AAA ACT GGC OSA GCA AAG TCA ACT P^CT GCA GCA ATC ATG 752 
50 Ete Asp Trp Lys Ser Gly Arg Ala Lys Ser Thr He Ala Ala He Met 
180 185 190 

ATC COG AOG GTG TAT CIO ATT TGG GIA GKT TAT GIT GCT GTC GCT CAA 800 
He Pro Thr Val Tyr Leu He Ttp Val Asqp Tyr Val Ala Val Gly Gin 
55 195 200 205 

GAC TCT TOG TOG KTC AAC GAT GAG AAG KTT GIA GOG TGG AGG CIT GGA 848 
A^ Ser Trp Ser He Asn Asp Glu Lys He Val Gly Trp Arg Leu Gly 
210 215 220 

60 

GCT GIA cm OOC ATT GAG GAA GCT ATG TTC TTC TIA CIG AOG AAT CTA 896 
Gly Val Leu Pro He Glu Glu Ala Met Phe Fhe Leu Leu Thr Asn Leu 
225 230 235 240 

65 ATG ATT GIT CIO GCT CIO TCT GCC TOC CKT CKT ACT CAG GCC CHA TAC 944 
Met He Val Leu Gly Leu Ser Ala Cys A^ His Thr Gin Ala Leu Tyr 
245 250 255 

CTG CIA CAC GCT CGA ACT ATT TAT GQC AAC AAA AAG ATG OCA TCT TCA 992 
70 Leu Leu His Gly Arg Thr He Tyr Gly Asn Lys Lys Met Pro Ser Ser 
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260 265 270 

TIT CXr CTC MT ACA CXXSCCTCnGCICTCXTCIGTITTITMCAX 1040 
Ete Pro Xau lie Thr Pro Pro Val I^u Ser Leu Phe Phe Ser Ser Arg 
J 275 280 285 



10 



CXA 17^ TUT TCP CAG CTA AAA CCT GAC TIG GAA CIG OCA GTC AfiG TIG 
Pro Tyr Ser Ser Gin Pro Lys Arg Aap Leu Glu Leu Ala VaX Lys Leu 
290 295 300 



1088 



TIG GAG AAA AAG AGC COS AGC TTT TTT GIT QOC TCG OCT QSA TTT CCT 1136 
lau Glu Lys Lys Ser Arg Ser Phe Ete Val Ala Ser Ala Gly Ehe Pro 
305 310 315 320 

15 AGC GAA GTT AGG GAG AG6 CIG GIT GGA CDV TAC GCk TTC TOC COG GIG 1184 
Ser Glu Val Arg Glu Arg Leu Val Gly Leu Tyr Ala Phe Cys Arg Val 
325 330 335 



20 ACT G?VT GAT CTT ATC GAC TCT OCT GAA GTh TCT TCX: AAC OCE CAT GCC 1232 
Thr Asp Asp Leu He Asp Ser Pro Glu Val Ser Ser Asn Pro His Ala 
340 345 350 

ACA ATT GAC A3G GTC TCC GAT TIT CTT ACC CIA CIA TIT GOG OOC COG 1280 
25 Thr He Asp Met Val Ser Asp Ete Leu Thr Leu Leu Phe Gly Pro Pro 
355 360 365 

CEA CAC OCT TC33 CPA OCT GAC AAG ATC CIT TCT TOS OCT Tm CTT OCT 1328 
Leu His Pro Ser Gin Pro Asp Lys He Leu Ser Ser Pro Leu Leu Pro 
» 370 375 380 

OCT TOG CAC CCT TOC GGA CCC ACG GGA ATG TAT OCX: CTC OCXS OCT OCT 1376 
Pro Ser His Pro Ser Arg Pro Thr Gly Met Tyr Pro Leu Pro Pro Pro 
385 390 395 400 

33 

OCT TOG CIC T03 OCT QOC GAG CTC GIT CAA TIC CTT ADC GAA AGG GIT 1424 
Pro Ser Leu Ser Pro Ala Glu Leu Val Gin ttie Leu Thr Glu Arg Val 
405 410 415 

40 OOC GIT CAA TAC CAT TTC QOC TIC AGG TTS CTC GCT AAG TIG CAA GOG 1472 
Pro Val Gin Tyr His Hie Ala Phe Arg Leu Leu Ala Lys Leu Gin Gly 
420 425 430 

CDS ATC OCT OGA TMZ CCk CIC GAC GAA CIC CTT AGA GGA TAC ACC ACT 1520 
45 Leu He Pro Arg Tyr Pro Leu Asp Glu Leu Leu Arg Gly TVr Thr Thr 
435 440 445 

GAT CTT A3C TTT CDC TIA TOG ACA GAG OCA GIC CAG GOT GOG AAG ADG 1568 
Asp Leu He Ehe Pro Leu Ser Thr Glu Ala Val Gin Ala Arg Lys Thr 
M 450 455 460 

OCT ATC GAG AOC ACA GCT GAC TTG CTG GAC TAT GGT CIA TGT GIA GCA 1616 
Pro He Glu Thr Thr Ala Asp Leu Leu Asp Tyr Gly Leu Cys Val Ala 
465 470 475 480 

55 

GGC TCA GIC GOC GAG CTA TIG GIC TTVT GTC TCT TGG OCA AGT GCA OCA 1664 
Gly Ser Val Ala Glu Leu Leu Val Tyr Val Ser Trp Ala Ser Ala Pro 
485 490 495 

w ACT CAG GIC OCT GOC AOC ATA GAA GAA MA GAA OCT GIG TIA GIG GCA 1712 
Ser Gin Val Pro Ala Thr He Glu Glu Arg Glu Ala Val Leu Val Ala 
500 505 510 

AGC OGA GAG ATG GGA ACT GOC CTT CAG TTG GIG AAC ATT GOT AGG GAC 1760 
65 Ser Arg Glu Met Gly Thr Ala Leu Gin Leu Val Asn He Ala Arg Asp 
515 520 525 

ATT AAA GOG GAC GCA ACA GAA GOG AGA TTT T7\C CIA OCA CIC TCA TTC 1808 
He Lys Gly Asp Ala Thr Glu Gly Arg Phe Tyr Leu Pro Leu Ser Ete 
70 530 535 S40 
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TIT GG?r err oos gkt gaa tca mc err gocs atc cog act gat tog ads isss 

Phe Gly Leu Arg Asp Glu Sex V/s leu Ala lie Pro Thr A^ Tcp Ihr 
545 550 555 560 

5 GAA OCT COG CXT CAA GAT TIC GAC AAA CTC CTC ACT CIA TCT OCT TOS 1904 
Glu Pro Axg Pro Gin Asp Phe Asp Lys Leu Leu Ser Leu Ser Pco Ser 
565 570 575 

TOC ACA TIA CCA TCT TCA AAC GCXT TCA GAA AOC TIC OQG TIC GAA TOG 1952 
10 Ser Thr Leu Pro Ser Ser Asn Ala Ser Glu Ser Phe Azg %e Glu Ttp 
580 5BS 590 

AAG AOS TAC TOS CIT OCA TEA GIC GOO TAC GCA GAG GAT CTT GOC AAA 2000 
Lys Ihr Tyr Ser Leu Pro Leu Val Ala Tyr Ala Glu Asp Leu Ala Lys 
15 595 600 605 

CAT TCT TAT AAG GGA ATT GAC 03A CIT OCT AOC GAG GIT CAA GGG GGA 2048 
His Ser Tyr Lys Gly lie Asp Axg Leu Pro Thr Glu Val Gin Ala Gly 
20 610 615 620 

ATSOSAGa^GCTTSCGOSAGClACCmCEGAlCGGCCXSAGAGATCAA^ 2096 
Met Arg Ala Ala Cys Ala Ser Tyr Leu Leu He Gly Arg Glu He Lys 
625 630 635 640 

25 

ore GTT TSG AAA GGA GACGICGSAGAGAGAAGSACAGTrGCCGGATCSS 2144 
Val Val Trp Lys Gly Asp Val Gly Glu Arg Arg Ihr Val Ala <S\y Trp 
645 650 655 

30 AQ5 GIA COG AAA CTC TIG ACT GIG GIC AIG AOC GGA TSG GAA GGG 2192 
Arg Arg Val Azg Lys Val Leu Ser Val Val Met Ser Gly Ttp Glu Gly 
660 665 670 

CAG TAAGACAGOS GAAGAA3A0C: GACAGACAAT GATQACTSAG AA3AAAATCA 2245 
» Gin 

TccicMOcr iLTiitriLm OGiacrcTrr TrronrrCT ateaigaosi aciciaaagg 2305 

40 AAcioGOcrr GcaGATArrr cictpocooc gatcitocic cmocsaos rriuriurri 2365 

OAlTrnUi' OSCTTEACIA TCTCAKTICT TmCnGCT TmCTEATC AATCIAGACA 2425 
ATTCIAIAGA TGITIAGAAT TIAIACAAAA AAAAAA A AA A AAAAA 2470 

45 

(2) INECBMATICN FCR SBQ ID N0:19: 

(i> SEQUENCE CHARACIERISTICS: 
30 (A) I09?IH: 673 andno acids 

(B) T^TPE: anoiio add 
(D) TOPOUXTi: linear 

(ii) MOtflCXlLE TYPE: protein 

55 

(xi) SBQUEUCE DESCRIPnCN: SBQ ID ND:19: 

Met Ihr Ala Leu Ala Tyr Tyr Gin lie His Leu He Tyr Thr Leu Pro 
15 10 15 

60 

He Leu Gly Leu Leu Gly Leu Leu Ihr Ser Pro He Leu Thr Lys Phe 

20 25 30 

Asp He Tyr Lys He Ser He Leu Val Phe He Ala Phe Ser Ala Ihr 
65 35 40 45 

Ihr Pro Tcp Pisp Ser Ttp He He Arg Asn Gly Ala Trp Ihr Tyr Pro 
50 55 60 

70 Ser Ala Glu Ser Gly Gin Gly Val Phe Gly Thr Kie Leu Asp val Pro 
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65 



70 



75 



80 



10 



15 



20 



2$ 



30 



35 



40 



45 



50 



55 



60 



65 



Tyr Glu Glu Tyr Ala Phe Phe Val He Gin Ihr Val He Thr Gly Leu 
85 90 95 

Val Tyr Val Leu Ala Tkor Arg HisLeuLeuProSerLeuAlaLeuPro 
100 105 110 

Lys Ihr Axg Ser Ser Ala Leu Ser Leu Ala Leu Lys Ala Leu He Pro 
115 120 125 

Leu Pro He He Tyr Leu Kie Ihr Ala His Pro Ser Pro Ser Pro Asp 
130 135 140 

Pro Leu Val Thr Asp His Tyr Phe Tyr Met Arg Ala Leu Ser Leu Leu 
145 150 155 160 

He Ihr Pro Pro Ihr Met Leu Leu Ala Ala Leu Ser Gly Glu Tyr Ala 
165 170 175 

Phe Asp Tcp Lys Ser Gly Arg Ala Lys Ser Thr He Ala Ala He Met 
180 185 190 

He Pro Ihr Val Tyr Leu He Tcp Val Asp Tyr Val Ala Val Gly Gin 

195 200 205 

Asp Ser Trp Ser He Asn Asp Glu Lys He Val Gly Tcp Arg Leu Gly 
210 215 220 

Gly Val Leu Pro He Glu Glu Ala Met Phe Ptie Leu Leu Ihr Asn Leu 
225 230 235 240 

Met He Val Leu Gly Leu Ser Ala Cys Asp His Ihr Gin Ala Leu Tyr 
245 250 255 

Leu Leu His Gly Arg Thr He lyr Gly Asn Lys Lys Met Fro Ser Ser 
260 265 270 

Phe Pro leu He Thr Pro Pro Val Leu Ser Leu Phe Phe Ser Ser Arg 
275 280 285 

Pro Tyr Ser Ser Gin Pro Lys Arg Asp hsa Glu Leu Ala Val Lys Leu 
290 295 300 

Leu Glu Lys Lys Ser Arg Ser Phe Phe Val Ala Ser Ala Gly Phe Pro 
305 310 315 320 

Ser Glu Val Arg Glu Arg Leu Val Gly L^ Tyr Ala Ehe Cys Axg Val 
325 330 335 

Thr Asp Asp Leu He Asp Ser Pro Glu Val Ser Ser Asn Pro His Ala 
340 345 350 

Thr He Asp Met Val Ser Asp Phe Leu Thr Leu Leu Phe Gly Pro Pro 
355 360 365 

Leu His Pro Ser Gin Pro Asp Lys He Leu Ser Ser Pro Leu Leu Pro 
370 375 380 

Pro Ser His Pro Ser Arg Pro Thr Gly Met Tyr Pro Leu Pro Pro Pro 
385 390 395 400 

Pro Ser Leu Ser Pro Ala Glu Leu Val Gin Phe Leu Thr Glu Arg Val 
405 410 415 

Pro Val Gin Tyr His Phe Ala Phe Arg Leu Leu Ala Lys Leu Gin Gly 
420 425 430 

Leu He Pro Arg Tyr Pro Leu Asp Glu Leu Leu Arg Gly Tyr Thr Thr 



435 



440 



445 
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Asp Leu He Phe Pro Leu Ser Ttir Glu Ala Val Gin Ala Arg Lys Thr 
450 455 460 

Fro He Glu Ihr Ttir Ala Asp Leu Leu Asp Tyr Gly Leu Cys Val Ala 
5 465 470 475 480 

Gly Ser Val Ala Glu Leu Leu Val Tyr Val Ser Tcp Ala Ser Ala Pro 
485 490 495 

10 Ser Gin Val Pro Ala Thr He Glu Glu Arg Glu Ala Val Leu Val Ala 
500 505 510 

Ser Azg Glu Met Gly Hir Ala Leu Gin Leu Val Asn He Ala Arg Asp 
515 520 525 

15 

He Lys Gly Asp Ala Thr Glu Gly Arg Phe Tyr Leu Pro Leu Ser Phe 
530 535 540 

Ete Gly Leu Arg Asp Glu Ser Lys Leu Ala He Pro Thr Asp Trp Ihr 
20 545 550 555 560 

Glu Pro Arg Pro Gin Asp Phe Asp Lys Leu Leu Ser Leu Ser Pro Ser 
565 570 575 

2S Ser ihr Leu Pro Ser Ser Asn Ala Ser Glu Ser Phe Arg Phe Glu Trp 
580 585 590 

Lys Ihr Tyr Ser Leu Pro Leu Val Ala Tyr Ala Glu Asp Leu Ala Lys 
595 600 605 

30 

His Ser Tyr Lys Gly He Asp Arg Leu Pro Thr Glu Val Gin Ala Gly 
610 615 620 

Met Arg Ala Ala Cys Ala Ser Tyr Lai Leu He Gly Azg Glu He Lys 
3S 625 630 635 640 

Val Val Trp Lys Gly Asp Val Gly Glu Arg Arg Thr Val Ala Gly Tip 
645 650 655 

40 Arg Arg Val Arg Lys Val Leu Ser Val Val Met Ser Gly Trp Glu Gly 
660 665 670 

Gin 

45 

(2) JNFGRMAnCN FOR SEQ ID ND:20: 

(i) SBQQEMCE OlARACIERISTICS : 
so (A) I£M5IH: H65 base pairs . 

(B) TYPE: nucleic acid 

(C) STRANCBCMESS: double 

(D) TOBOLCG^: linear 

S5 (ii) MOHfiGULE TYPE: c£KA 

(iii) HYPQflHBnCAL: NO 
(iv) ANTI-SQ^: ND 

60 

(vi) OBKHNMj SOURCE: 

(A) GRGAMISM: Pha££ia rhsdbzyma 

(ix) FEAIURE: 
6S (A) NAME/KEY: CDS 

(B) lOCATICN: 141.. 896 

(D) OZHER ZNEQRMATION: /product^ "PRidi" 



(xi) SBQOEMCE DESGRlPnCN: SEQ ID ND:20: 
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CTTCTCmC CrOSAOCTCT TOQGCMGOC GTIGAAGACT OOTITACrCA TACCCCACaT 60 

CnrooCAmiA TCACITIXXT CXHTCCAGAA CS^ACTICKSA GKMOOSAA AAGAAWSAfiC 120 

5 GC3U3AAGAAA TKEAnCTRG AIG TCC ATC OOC AAC ATT GIT OOC CXT QCC 170 

Met Ser Met Pro Aan lie Val Pro Pro Ala 
15 10 

GAG arc OGA AOC GAA QGA CTC fiOT TTk GAA GAG TPC GAT GAG GAG CAG 218 
10 Glu Val Arg Ihr Glu Gly Leu Ser Leu Glu Glu Tyr Asp CSIu Glu Gin 
15 20 25 

GTC A3G CIG AIG GAG GAG CX3A ATT CTT GIT AAC COG GAC GAT GIG 266 
Val Arg Leu Met Glu Glu Arg Cys lie Leu Val Asn Pro Asp Asp Val 
" 30 35 40 

GOC TAT GGA GAG OCT TCX3 AAA AAG ADC TQC CAC TIG ATS TOC AAC ATC 314 
Ala Tyr Gly Glu Ala Ser Lys Lys Ihr Cys His Leu Met Ser Asn lie 
45 50 55 

20 

AAC GCX3 COC AAG GAC CTC CTC CAC OGA OCA TIC TCC GIG TIT CTC TIC 362 
Asn Ala Pro Lys Asp Leu Leu His Arg Ala Phe Ser Val Fhe Leu Ete 

60 65 70 

25 CX3C OCA TOS GAC GGA GCA CTC CPS CTT CBG OGA AGA QOS GAC GAG AAG 410 
Arg Pro Ser Asp Gly Ala Leu Leu Leu Gin Arg Arg Ala Asp Glu Lys 
75 80 85 90 

ATT AOS TIC OCT GGA ATC TOG AOC AAC AOG TGfT T3C AGT CAT CCT TIG 458 
30 He Thr Phe Pro Gly Met Tcp Ihr Asn Ihr Cys Cys Ser His Pro Leu 
95 100 105 

AOC ATC AAG QQC GPG GIT GAA GAG GAG AAC CAG AIC GGT GIT OGA OGA 506 
Ser He Lys Gly Glu Val Glu Glu Glu Asn Gin He Gly Val Arg Arg 
35 110 115 120 

GCr GQS TCC OGA AAG TIG GAG C3^ GAG CTT GGC GIG OCT ACA TOS TOS 554 
Ala Ala Ser Arg Lys Leu Glu His Glu Leu Gly Val Pro Ihr Ser Ser 
125 130 135 

ACT COS OOC GAC TOG TIC AOC TAC CTC ACT AGG AXA CAT TAC CIC GOT 602 
Ihr Pro Pro Asp Ser Phe Ihr Tyr Leu Ihr Arg He His Tyr l£u Ala 
140 145 150 

45 OOG AGT GAC GGA CIC T3G GGA GAA CAC GAG AIC GAC TAC ATT CIC TIC 650 
Pro Ser A^ Gly Leu Trp Gly OLu His Glu He Asp Tyr He Leu Phe 
155 160 165 170 

TCA AOC ACA OCT ACA GAA CAC ACT QGA AAC OCT AAC GAA GIC TOT GAC 698 
50 Ser Thr Ihr Pro Thr Glu His Thr Gly Asn Pro Asn Glu Val Ser Asp 
175 180 185 

ACT OGA TAT GTC ADC MG OOC GAG CIC CPG GOG ATS TTT GAG GAC GAG 746 
Thr Arg Tyr Val Ihr Lys Pro Glu Leu Gin Ala Met Phe Glu Asp Glu 
55 190 195 200 

TOT AAC TCA TTT AOC CCT TSG TIC AAA TIG ATT GOC OGA GAC TIC CTS 794 
Ser Asn Ser Phe Thr Pro Trp Vfte Lys Leu He Ala Arg Asp Phe Leu 
205 210 215 

60 

TTT GGC TSG TSG GAT CAA CTT CIC GOC AGA OGA AAT GAA AAG GGT GAG 842 
Phe Gly Trp Tcp Asp Gin Leu Leu Ala Arg Arg Asn Glu Lys Gly Glu 

220 225 230 

65 GIC GAT GOC AAA TOG TIG GAG GAT CTC TCG GAC AAC AAA GIC TOG AAG 890 
Val Asp Ala Lys Ser Leu Glu Asp Leu Ser Asp Asn Lys Val Trp Lys 
235 240 245 250 

ATS TAGTOSADOC TTCnTCIGT ACAGICATCT GAGirOGOCr GnUbTlUCT 943 
70 Met 
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TGCITCTTOC TCnCmcr AlATOICnT TTICTIQCCT GOCJIAGAdT GAICmCIR 1003 
GMMCMM GCATACSVIftC AITtftfOCIA TnClTCTIC TTIATUICIC TtCTMCOCli 1063 
5 ATCTTCStfiGA TCAKmCIT TTTOSGCIPiC AACATTTCRG ATCAKraTIG Cl'lTlUVSAC 1123 
TACAAAAAAA AAAAAAAAAA ACIOQAOGGS GGGOCXX3C3m CC 1165 

10 (2) INFOIPMKnCN FCR SEQ ID N0:21: 

(i) SBQUQO: GHARACIERISnCS : 

(A) I£NSIH: 251 amino adds 
<B) TYEE: amijio acid 
ly (D) TDPQLOGIT: linear 

(ii) MOLBOUIE TYTO: protein 

(xi) SEQC2ENCE OBSCRIPIIGN: SBQ ID N0:21: 

20 

Met Ser Met Pro Asn He Val Pro Pro Ala Olu Val Arg Ihr Glu Gly 
15 10 15 

Leu Ser Leu Glu Glu Tyr Asp Glu Glu Gin Val Arg Leu Met Glu Glu 
25 20 25 30 

Arg Cys lie Leu Val Asn Pro Asp Asp Val Ala Tyr Gly Glu Ala Ser 
35 40 45 

30 Lys Lys Tlir Cys His Leu Met Ser Asn lie Asn Ala Pro Lys Asp Leu 
50 55 60 

Leu His Arg Ala Phe Ser Val Phe Leu Phe Arg Pro Ser Asp Gly Ala 
65 70 75 80 

35 

Leu Leu Leu Gin Arg Arg Ala A^ Glu Lys lie Ttar She Pro (Sly Met 
85 90 95 

Trp TAir Asn Tbr Cys Cys Ser His Pro Leu Ser He Lys Gly Glu Val 
40 100 105 110 

Glu Glu Glu Asa Gin He Gly Val Arg Arg Ala Ala Ser Arg Lys Leu 
115 120 125 

45 Glu His Glu lieu Gly Val Pro Ihr Ser Ser Thr Pro Pro Asp Ser Phe 
130 135 140 

Thr tyr Leu Ihr Arg He His Tyr Leu Ala Pro Ser Asp Gly Leu Trp 
145 150 155 160 

so 

Gly Glu His Glu He A^ Tyr He Leu Fhe Ser Thr Thr Pro Thr Glu 
165 170 175 

His Thr Gly Asn Pro Asn Glu Val Ser Asp Thr Arg Tyr Val Thr Lys 
S5 180 185 190 

Pro Glu Leu GLi Ala Met Phe Glu A^ Glu Ser Asn Ser Phe Thr Pro 
195 200 205 

«o Trp Phe Lys Leu He Ala Arg Asp Phe Leu Phe Gly Trp Tcp Asp Gin 
210 215 220 

Leu Leu Ala Arg Arg Asn Glu Lys Gly Glu Val Asp Ala Lys Ser Leu 
225 230 235 240 

Glu Asp Leu Ser Asp Asn Lys Val Trp Lys Met 
245 250 



70 
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(2) INPCMIAnCN FOR SBQ ID NO:22: 

(i) SEQUENCE OCUUOERISnCS : 

(A) lEtUTH: 3550 base pairs 
5 (B) TyPE: nucleic acid 

{C) SIRANDETNESS : double 
(D) TDPCaOGY: linear 

(ii) NDLECUm TVPE: ENA (genonic) 

10 

(iii) HYPCnHETTICAL: NO 

(iv) AMn-SfcNSE: ND 

15 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: E^fia ztecteytia 

(B) STPAIN: CBS 6938 

(ix) FCZmJRE: 
» (A) NAME/KEY: excn 

(B) XjOCAnOI: 941.. 966 

(ix) FEAHIRE: 

(A) NAME/KEY: intran 
2J (B) LOCATICN: 967.. 1077 

(ix) FEAIURE: 

(A) NAME/KEV: exan 

(B) LDCATICN: 1078. .1284 

30 

(ix) FEA3TJRE: 

(A) NAME/KEY: intran 

(B) XXXZATiai: 1285. .1364 

» (ix) FEATURE: 

(A) NAME/KEY: exon 

(B) LOCATICN: 1365.. 1877 

(ix) FEAIURE: 
« (A) NAME/KEY: intron 

(B) LOCATICN: 1878.. 1959 

(ix) FEAFCIRE: 

(A) NAME/KEVT: exan 
45 (B) LOCATICN: 1960. .2202 

(ix) EEAHIRE: 

(A) NAKE/KEY: intrcn 

(B) LOCATICN: 2203.. 2292 

so 

(ix) FS^mJRE: 

(A) NAME/KEV: excn 

(B) LOCATICN: 2293.. 3325 

ss (ix) FEATURE: 

(A) NAME/KEY-: CDS 

(B) LOCATICN: join (941. .966, 1078.. 1284, 1365.. 1877, 1960. .2202, 

2293.. 3325) 

(D) OOHER INPQRMATICN: /pmrhirt=- "PRGcrtB GB" 

60 

(xi) SEQUENCE DESGRIPnCN: SEQ ID ND:22: 
GGAATIQCAG 'rmUULTlT GAOSAGAAAG GACAC IG G CT TQGAAASAGA AGAia?IAjGG 60 

65 

TTCnCIGCA OCZTCAAutOr (STTQCTU^ MSfCKKSTTT GAO^OGCIAA TGCKmCIT 120 
TOCACZTXGA CimGAACT AltUlWriG GGOGATOOOC AAAATCATTA GCTXCITOT 180 
70 CaOCICAl'IA OCPOCSAItrrC ATCTTRCEAC CAGGflGITOC ATTCrCAOCT AaaOOCIClT 240 
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CmXaTTCTC TGGACIGQGC CAIGGAAAAG GKDVTDUXA. lAAAXACAIC ACXCAGI3^ 300 

GCnCGmcrS TGCAOGCAAG AATOGAOOOS TOCXSAAGCIG AGTAOQOSIC TICICITnC 360 

5 TDC3m\C3CCA ACQQAOGCIA TTTIGIGACA GAAGGAIGAG ACEATGCAAC AGCICAAAOV 420 

AACTAAOGCT CTTtaAITAAT CACX30QCTCA AOTATIGCr C!AACTC3\GfIT GGACIQGOGC 460 

TQAAAGAAC7V GnCTDUSftC AAAAACAUGS TOCXnTOTUSG <30GAA3CrQG 540 

10 

ATOAACtKjTT GC?nGGAGAJ CAQxTQAGGA GKTIATOCXaA GGACAATIAA CXTCTXT^AG^ 600 

TTOmSy^^ AZlTiAlUlUs KTCSGCKTCC AGOOQQQGAT TSVrOQQCIG AIGGOOOGMV 660 

15 ATSKSAIGAT QCTOSUWCr CXSKTCrClCT ' ITmiUnx; MCITCTCAT OriUri V iX: 720 

TCmCIACr GACAICCSOC IDGAACIGrc TPGP^rCNSrr GQQAAACAA6 AACTDSGACAC 780 

AGAGAGKIUr TrSCTOAAGA G'i'iUlATiU: ASAAAGCSQAA AACAAAGGAA AGAAGQGXXG 840 

20 

AAGCACATCA OGU^CmSG CAAGOOQSIC CAGOCXXSm: TOSGSAIAGAC AICKICITAC 900 

CCAAL'iWm TGKTCOOCAA GAGA3!AGAGT TITIUIUJCA. AOG AGS GCT CIC GOV 955 

Met Ihr Ala Leu Ala 

2$ 15 

•nvr TAC C3«3 AT GmuiC'lUJ ATACcrcrrc Tiasrmoc acaocacica looe 
lyr Tyr Gin He 

30 

rorsTOCsmv ' XGiGTOiG c g TocrrrocftAA tctitcaaig ACD«CATCr tt^xxsigct lose 

cncncriR g c cat cig atc tat act cic cqv att err ggt err crc iii4 
His Leu lie lyr Ttir Leu Pro He Leu Gly Leu L^ 
33 10 15 20 

GGC CIG crc ACT TOC OCXj ATI TTS ACA AAA Tn* GAC ATC T7^ AAA A3A 1162 
Gly Leu Leu Thr Ser Pro lie Leu Ihr Lys PhB Asp He Tyr Lys He 
25 30 35 

40 

TOG ATC crc GIA TTT ATT QOS TTT MT QC3V AOC ACA CCA TOO GAC TCA 1210 
Ser He Leu Val &ae He Ala Phe Ser Ala Thr Dir Pro Ttp Asp Ser 
40 45 50 

45 TOG ATC ATC AGA AAT GQC GCA TOG ACA TAT OCA TCA GOG GfiG ACT GGC 1258 
Ttp He He Arg Asn Gly Ala Trp Thr Tyr Pro Ser Ala Glu Ser Gly 
55 60 65 

CAA GGC GIG TTT GGA ACQ TTI CTA GA GnAGTOQAC UJlTAMTACr 1304 
so Gin Gly Val Phe Gly Thr Phe leu Asp 
70 75 

CnAGOOQOQ CJTOJrrVCC GCGATmCKr TCAACATCTS AATriATOOC TGATCAACA6 1364 

55 T GTT 0C3V TAT GAA GAG TP>C OCT TIC TTT GIC ATT CAA ACC GIA ATC 1410 
Val Pro Tyr Glu Glu Tyr Ala Ete Phe Val He Gin Ihr Val He 
80 85 90 

ADC GGC TIG GIC TAC GIC ITS GCA ACT AGG CAC CTT CIC CCA TCT CTC 1458 
60 Thr Gly Leu Val Tyr Val Leu Ala Thr Arg His Leu Leu Pro Ser Leu 
95 100 105 

GOG err coc aag act aga tog tcc gcx: err tct ere qgg crc aw3 gog isoe 
Ala Leu Pro Lys Thr Arg Ser Ser Ala Leu Ser Leu Ala Leu Lys Ala 
65 110 115 120 125 

CIC ATC OCT CIG COC ATT ATC TAC CTA TTT AOC GCT CAC OQC AGC OCA 1554 
Leu He Pro Leu Pro He He Tyr Leu Phe Thr Ala His Pro Ser Pro 
130 135 140 
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TOG COC GAC OCXS CIC GIG ACA GOT CMZ TAC TTC TAC ATO 03G OCA CTC 
Ser Pro Asp Pro Leu Val Thr Asp His Tyr Ehe Tyr Met Arg Ala Leu 
145 150 155 



1602 



TOC TIA CTC ATC AOC CCk OCT ADC AIG CIC TIG OCA CCA TIA TCA QGC 
Ser Leu Leu lie Thr E>ro Pro Thr Mst Leu Leu Ala Ala Leu Ser Gly 
160 165 170 



1650 



GAA TAT OCT TTC GAT TOG AAA ACT OQC GGA GCA AA6 TX31 ACT ATT GCA 1698 
Glu Tyr Ala Phe Asp Tcp Lys Ser Gly Arg Ala Lys Ser Thr lie Ala 
175 180 185 

GCA AIC A3G ATC COS ACG GIG TKT CIG ATT TOG GIA GAT TAT GIT GCT 1746 
Ala He Met He Pro Thr Val Tyr Leu He Trp Val Asp Tyr Val Ala 
190 195 200 205 

GIC GGT CMi GAC TUT TOG TOG ATC AAC GAT GAG AAG ATT GIA GOG TOG 1794 
Val Gly Gin Asp Ser Trp Ser He Asn Asp Glu Lys He Val Gly Trp 
210 215 220 



AGG err GGA GGT GIA CIA OOC ATT GW3 GAA QCr MG TIC TTC TTA CIG 
Arg Leu Gly Gly Val Leu Pro He Glu Glu Ala Met E*ie Ehe Leu Leu 
225 230 235 



1842 



AOG AAT CIA AIG ATT GIT CIG OUT CIG TCT GOC TG GBtf^GlTGAT 
Thr Asn Leu Met He Val Leu Gly Leu Ser Ala Cys 
240 245 



1887 



CTCATCCTCT CnCCnTGG TGAAAAAAGC TGmOGCIG ATIGCIGOGA ACTCACXXRT 1947 

OOGAATCIGr AG C GAT CAT ACT GAG GOC CIA TAC CIG CIA CAC GGT GGA 1996 
Asp His Thr Gin Ala Leu Tyr Leu Leu His Gly Arg 
250 255 260 



ACT ATT TAT QGC AAC AAA AAG ATG OCA TCT TCA TTT CCC CIC ATT AOV 
Thr He Tyr Gly Asn Lys Lys Met Pro Ser Ser Phe Pro Leu He Thr 
265 270 275 



2044 



40 COG OCT GIG CIC TOC CIG TTT TTT AOC AGC OGA OCA T7^ TCT TCT CAG 2092 
Pro Pro Val Leu Ser Leu Phe £te Ser Ser Arg Pro Tyr Ser Ser Gin 
280 285 290 

OCA AAA OGT GAC TIG GAA CTG OCA GTC AAG TTC TIG GAG AAA AAG AGC 2140 
45 Pro Lys Arg Asp Leu Glu Leu Ala Val Lys Leu Leu Glu Lys Lys Ser 
295 300 305 

OQG MC m TIT GIT GCC TCG GCT GGA TTT OCT AGC GAA GIT AGG GAG 2188 
Arg Ser £te Phe Val Ala Ser Ala Gly Ete Pro Ser Glu Val Arg Glu 
so 310 315 320 325 

MG CIG GIT GGA CT GTGAQCADaC AT'ItJlTiAOS mUTlXiJbT Cmia OCIT 2242 
Arg Leu Val Gly Leu 
330 

ss 

CAIGIGCATT OGCIGATCAG TmCTIGGT GATOGGGGAC CIGCAZACAG A TAC GCA 2299 

Tyr Ala 



60 TIC T3C OQG GIG ACT GAT GAT CIT ATC GAC TCT OCT GfIA TCT TOC 2347 
Phe Cys Arg Val Thr Asp Asp L^ He Asp Ser Pro Glu Val Ser Ser 
335 340 345 

AAC OOG CAT GOC ACA ATT GAC MG GIC TCC GAT TTT CIT AOC CIA CIA 2395 
63 Asn Pro His Ala Thr He Asp Met Val Ser Asp Phe Leu Thr Leu Leu 
350 355 360 

TIT GOG OOC OOG CIA CAC OCT TCG CAA OCT GAC AAG ATC CIT TCT TOG 2443 
Phe Gly Pro Pro Leu His Pro Ser Gin Pro Asp Lys He Leu Ser Ser 
70 365 370 375 380 
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ccr TTA err ocrr ocr tos (x cct toc gga ooc acxs gcsv atc tat cx3C 2491 

Pro Leu Leu Pro Pro Ser His Pro Ser Arg Pro Thr Gly t^t Tyr Pro 
BBS 390 395 

5 CTC ens OCT OCT OCT TOG CTC HCG OCT GOC GAG CIC GIT CAA TIC CTT 2539 
Leu Pro Pro Pro Pro Ser Leu Ser Pro ALa Glu Leu Val Gin Phe Leu 
400 405 410 

AOC GAA. MSG GTT 0C3C GIT CAA TAC CAT TTC GOC TIC AQG TIG CIC OCT 2587 
10 Ihr Glu Azg Val Pro Val Gin Tyr His Etie Ala Fhe Arg Leu Leu Ala 
415 420 425 

AAG TIG CAA GOG CIG ATC OCT CSA TPC OCA CIC GAC GAA CIC CTT AGA 2635 
Lys Leu Gin Gly Leu He Pro Arg lyr Pro Leu A^ Glu Leu Leu Arg 
15 430 435 440 

GGA TAC AOC ACT GAT CTT ATC TTT OOC TIA TOS AO^ GAG GCA GTC CPG 2683 
Gly Tyr Thr Thr Asp Leu He Fhe Pro Leu Ser thr Glu Ala Val Gdn 
445 450 455 460 

20 

GCT CGG A7U3 ACQ OCT ATC GAG AOC ACA OCT GAC TIG CIG GAC TAT GGT 2731 
Ala Arg Lys Thr Pro lie Glu Thr Thr Ala Asp Leu Leu Asp Tyr Gly 
465 470 475 

25 CIA TOT GIA OCA GOC TCA GTC GOC GAG CTA TTG GTC TAT GTC TCT TOG 2779 
Leu Cys Val Ala Gly Ser Val Ala Glu Leu Leu Val Tyr Val Ser Tcp 
480 485 490 

GCA AGT GCA OCA ACT CKs GIC OCT GOC AOC ATA GAA GAA AGA GAA GCT 2827 
30 Ala Ser Ala Pro Ser Gin Val Pro Ala Thr He Glu Glu Azg Glu Ala 
495 500 505 

GIG TIA GIG GCA AGO OGA GAG ATG GGA ACT GOC CTT CAG TTG GIG AAC 2875 
Val Leu Val Ala Ser Arg Glu Met Gly Thr Ala Leu Gin Leu Val Asn 
K 510 515 520 



ATT GCT AGG GAC ATT AAA GOG GAC GCA ACA GAA GOG AGA TTT TAC CIA 2923 
He Ala Arg Asp He Lys Gly Asp Ala Thr Glu Gly Arg Phe Tyr Leu 
40 525 530 535 540 

OCA CTC TCA TTC TTT GGT CTT OQG GAT GAA TCA AAG CTT GOG ATC OOG 2971 
Pro Leu Ser Ffae Gly Leu Arg Asp Glu Ser Lys Lai Ala He Pro 
545 550 555 

45 

ACT GAT TOG AOS GAA OCT OQG OCT CAA GAT TTC GAC AAA CTC CIC AGT 3019 
Thr Asp Trp Thr Glu Pro Arg Pro Gin Asp PhB Asp Lys Leu Leu Ser 
560 565 570 

50 CIA TCT OCT TOG TOO AC3V TIA CCA TCT TCA AAC GOC TCA GAA AGO TTC 3067 
Leu Ser Pro Ser Ser Thr Leu Pro Ser Ser Asn Ala Ser Glu Ser VhB 
575 580 585 



55 



OSS TTC GAA TG6 AAG ACQ TAC TOG CTT OCA TTA GIC GOC TAC GCA GAG 3115 
Azg Phe Glu T^ Lys Thr Tyr Ser Leu Pro Leu Val Ala Tyr Ala Glu 
590 595 600 

GKT err GOC AAA CPCT TCT TAT AAG GGA ATT GAC OGA CTT OCT AOC GAG 3163 
Asp Leu Ala Lys His Ser Tyr Lys Gly He Asp Arg Leu Pro Thr Glu 
60 605 610 615 620 

GTT CAA GOG GGA ATG CX3A GOS GCT TGC GOG AGO TAC CIA CIG ATC GGC 3211 
Val Gin Ala Gly Met Arg Ala Ala Cys Ala Ser Tyr Leu Leu He Gly 
625 630 635 

65 

OGA GAG ATC AAA GTC GIT TGG AAA GGA GAC GIC GGA GAG AGA AGG ACA 3259 
Arg Glu He Lys Vad Val TTp Lys Gly Asp Val Gly Glu Arg Azg Thr 
640 645 650 

X) GIT GOC GGA TOG AGG U3A GIAOaGAAAGICTTGAGTGIGGICATSAQC 3307 
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Val Ala Gly Trp Arg Arg Val Arg Lys Val Leu Ser Val Val Met Ser 
655 660 665 

GGA TOG GAA OQG CAG TAAGACAGOG GAAGAATOIX: GACAGACAAT GATGAGIGAG 3362 
5 Gly Trp Glu Gly Gin 
670 

AAXAAAATCA TCXTTCAATCT TCTTIClCm CJG;iUL ' ll. ' m iTll> ' rmCT ATTKIGAOCR 3422 

10 ACiCDw«Gs AAciaxmr GcaGMSvnr crcrroaooc CATcnocrc cr r m c K i uj 3482 
TiTOTicriT cxanrrror cxasrrracm TCicAKncr TnrcTiGcr TrrrcriKrc 3542 

AAICIIAGA 3550 

IS 

(2) INFORMAITCN FDR SEQ ID N0:23: 

(i) SBQCEIKS; OffiRACiroiSnCS : 
20 (A) L£N3IH: 673 amino adds 

(B) TVFE: amizx> acid 
(D) TQEOUXSV: linear 

(11) tX3[£OJlB TYPE: protein 

25 

(xi) SBQCOICE DGSCRIPnCN: SEQ ID N3:23: 

Met Uir Ala Leu Ala lyr Tyr Gin lie His lieu He Tyr Ihr Leu Pro 
15 10 15 

30 

He Leu Gly Leu Leu Gly Leu Leu Dir Ser Pro He Leu Thr Lys Phe 
20 25 30 

Asp He Tyr Lys He Ser He Leu Val Phe He Ala Phe Ser Ala nir 
33 35 40 45 

Thr Pro Tip Asp Ser Trp He He Arg Asn Gly Ala Trp Hir Tyr Pro 
50 55 60 

40 Ser Ala Glu Ser Gly Gin Gly Val Rie Gly •nrr tte Leu Asp Val Pro 
65 70 75 80 

Tyr Glu Glu Tyr Ala Phe Phe Val He Gin Thr Val He Thr Gly Leu 
85 90 95 

Val Tyr Val leu Ala Thr Arg His Leu Leu Pro Ser Leu Ala Leu Pro 
100 105 110 

Lys Thr Arg Ser Ser Ala Leu Ser Leu Ala Leu Lys Ala Lsu He Pro 
» 115 120 125 

Leu Pro He He Tyr Leu Fhe Thr Ala His Pro Ser Pro Ser Pro A^ 
130 135 140 

53 Pro Leu Val Thr Asp His Tyr Phe Tyr Net Arg Ala Leu Ser Leu Leu 
145 150 155 160 

He Thr Pro Pro Thr Met Leu Leu Ala Ala Leu Ser Gly Glu Tyr Ala 

165 170 175 

60 

Phe Asp Trp Lys Ser Gly Arg Ala Lys Ser Thr He Ala Ala He Met 
180 185 190 

He Pro Thr Val Tyr Leu He Trp Val Asp Tyr Val Ala Val Gly Gin 
« 195 200 205 

Asp Ser Trp Ser He Asn Asp Glu Lys He Val Gly Trp Arg Leu Gly 
210 215 220 

TO Gly Val Lsu Pro He Glu Glu Ala Met Phe Phe Lsu Leu Thr Asn Leu 
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73 



225 



230 



235 



240 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



60 



65 



Met He Val Leu Gly Leu Ser Ma Cys Asp His Thr Gin Ala Leu Tyr 
245 250 255 

Leu Leu His Gly Arg 'Vtac lie Tyr Gly Asn Lys Lys Met Pro Ser Ser 
260 265 270 

Phe Pro Leu lie Thr Pro Pro Val Leu Ser Leu Phe Phe Ser Ser Arg 
275 280 285 

Pxo TVr Ser Ser Gin Pro Lys Arg Asp Leu Glu Leu Ala Val Lys Xau 
290 295 300 

Leu Glu Lys Lys Ser Arg Ser Phe Phe Val Ala Ser Ala Gly Phe Pro 
305 310 315 320 

Ser Glu Val Arg Glu Arg Leu Val Gly Tyr Ala Phe Cys Arg Val Thr 
325 330 335 

Asp Asp Leu He Asp Ser Pro Glu Val Ser Ser Asn Pro His Ala Ttic 
340 345 350 

He Asp Met Val Ser Asp Phe Leu Itir Leu Leu Phe Gly Pro Pro Leu 
355 360 365 

His Pro Ser Gin Pro Asp Lys He Leu Ser Ser Pro Leu Leu Pro Pro 
370 375 380 

Ser His Pro Ser Arg Pro Ihr Gly Met Tyr Pro Leu Pro Pro Pro Pro 
385 390 395 400 

Ser Leu Ser Pro Ala Glu Leu Val Gin Ete Leu Ihr Glu Arg Val Pro 
405 410 415 

Val Gin Tyr His Phe Ala Phe Arg Leu Leu Ala Lys L^ Gin Gly Leu 
420 425 430 

He Pro Arg Tyr Pro Leu Asp Glu Leu Leu Arg Gly Tyr Thr Ihr Asp 
435 440 445 

Leu He Phe Pro Leu Ser Ihr Glu Ala V^ Gin Ala Arg Lys Thr Pro 
450 455 460 

He Glu Ihr Thr Ala Asp l£U Leu Asp Tyr Gly Leu Cys Val Ala Gly 
465 470 475 480 

Ser Val Ala Glu Leu Leu Val Tyr Val Ser Trp Ala Ser Ala Pro Ser 
485 490 495 

Gin Val Pro Ala Ihr He Glu Glu Arg Glu Ala Val Leu Val Ala Ser 
500 505 510 

Arg Glu Met Gly Thr Ala Leu Gin Leu Val Asn He Ala Arg Asp He 
515 520 525 

Lys Gly Asp Ala Thr Glu Gly Arg Phe Tyr Leu Pro Leu Ser Phe Phe 
530 535 540 

Gly Leu Axg Asp Glu Ser Lys Leu Ala He Pro Thr Asp Trg Thr Glu 
545 550 555 560 

Pro Arg Pro Gin Asp Phe Asp Lys Leu Leu Ser Leu Ser Pro Ser Ser 
565 570 575 

Thr Leu Pro Ser Ser Asn Ala Ser Glu Ser Phe Arg Phe Glu Itp Lys 
580 585 590 

Thr Tyr Ser Leu Pro Leu Val Ala Tyr Ala Glu Asp Leu Ala Lys His 



595 



600 



605 
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Ser Tyr Lys Gly lie Asp Arg Leu Pro The Glu Val Gin Ala Gly Met 
610 615 620 

Arg Ala Ala cys Ala Ser Tyr Leu Leu lie Gly Arg Glu lie Lys Vsd 
5 625 630 635 640 

Val Trp Lys Gly Aap Val Gly Glu Arg Arg Ihr Val Ala Gly Trp Arg 
645 650 655 

10 Arg Val Arg Lys Val Leu Ser Val Val Met Ser Gly Tcp Glu Gly Gin 
660 665 670 



(2) INPCJ^'IATICN FOR SEQ ID N0:24: 

(i) SEOTaKE CHARACIHUSnCS : 
20 (A) UNGIH: 570 base pairs 

(B) TfPEt nucleic acid 

(C) Sn^ANDECNESS: double 

(D) TOPQLOGy: linear 

2S (ii) MDLECULE TYPE: cENA 

(iii) HYPCflHETICAL: NO 
(iv) ANIT-SQISE: NO 

30 

(vi) GRIGINAL SOURCE: 

(A) ORSttOSM: Eteffia rhoctozyna 

(ix) FEAIURE: 
35 (A) NAME/KEY: CDS 

(B) LQCATICWj^ 24>.500 

(D) OflHER INFCf^MRTICN: /products "PRcENAlO" 

40 (xi) SBQUEMCE VESCJUPTJO^i SEQ ID MD:24: 

AAO^nrOGT TAGITTGGAC GAC ATC CRG ATC TIC GDV AfiG AOC CTC AOG 50 

Met Gin He Phe Val Lys Thr Leu Hir 
1 5 

45 

QGT AftG ACT ATC AOC CTT GAG GIG GAG TCT 1CT GAC AOC ATC GAC AAC 98 
Gly Lys Tbr He Thr Leu Glu Val Glu Ser Ser Asp Ttor He Asp Asn 
10 15 20 25 

50 CTC AfiG GOC AAG ATC CAG GAC AAG GAA GGA ATT OOC OCT GAT CAG CAG 146 
Val Lys Ala Lys He Gin Asp Lys Glu Gly He Pro Pro Asp Gin Gin 
30 35 40 

OGA CTT ATC ITC GOC GGT AAG CPG CTC GAG GAT GOC OGA ADC CTT TOG 194 
55 Arg Leu He Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Ttar Leu Ser 
45 50 55 

GAT TAC AAC ATC CW3 AAA GAG TOC ADC CTC CAC CTC GTC CTT MG TIG 242 
Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu Val Leu Arg Leu 
60 60 65 70 

C3GA GGA OGA GOC AAG AAG 03A AAG AAG AAG CAG TOC ACT ADC CCC AW3 290 
Arg Gly Gly Ala Lys Lys Arg Lys Lys Lys Gin Tyr Thr Thr Pro Lys 
75 80 85 

65 

AAG ATC AAG CAC AW3 OSA AAG AAG GTC AfiG ATC GOT ATT CTT AAG TAC 338 
Lys He Lys His Lys Arg Lys Lys Val Lys Met Ala He Leu Lys Tyr 
90 95 100 105 

TO TAC AAG GTC GAC TCT QKT OGA AAG ATC AAG GGA CTT CGT OGA GAG IGC 386 
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Tyr Lys Val Asp Ser Asp Gly Lys He Lys Arg Leu Arg Arg Glu Cys 
110 115 120 

cjcx: caG cxx: crg tcc gga gct gst mc ttc atg gct tic cac toc arc 434 

5 Pro Gin Pro Gin Cys Gly Ala Gly He Phe Met Ala Phe His Ser Asn 
125 130 135 

OSA CAG ACT TGC GGA APG TCT QC?r CTT ACC TPC ADC TIC QCC GRG GGA 482 
Arg Gin Ihr Cys Gly Lys Cys Gly Leu Hxr Tyr Obr Phe Ala Glu Gly 
10 140 145 150 

AOC CAG CXr TCT GCT TAGA3CATCA ATOGmGIT OOOSAGOSAT L ' lTmAb ' lL ' r 537 
Itir Gin Pro Ser Ala 
155 

IS 

TitrrDvovTr cicaaaaaaa aaaaaaaaaa aaa 570 

(2) INFORMATICN for SEQ id N0:25: 

20 

(1) SEQCIEMCE GHARACIHtlSnCS: 

(A) IfiOlH: 158 andno acids 

(B) TYPE: amino acid 
(D) TOPOUDGV: linear 

(ii) MGiU3CXE£ TVPE: protein 

(xi) SBQUEXCE DBSCKIPnCN: SEQ ID ND:25: 

30 Met Gin lie Phe Val Lys Ttir Leu Thr Gly Lys Ihr He Ihr Leu Glu 
15 10 15 

Val Glu Ser Ser Asp Thr He Asp Asn Val Lys Ala Lys . He Gin Asp 
20 25 30 

35 

Lys Glu Gly He Pro Pro Asp Gin Gin Arg Leu He Phe Ala Gly Isys 
35 40 45 

Gin Leu Glu Asp Gly Arg Uir Leu Ser Asp Tyr Asn He Gin Lys Glu 
40 50 55 60 

Ser Thr Leu His Leu Val Leu Arg Leu Arg Gly Gly Ala Lys Lys Arg 
65 70 75 80 

45 Lys Lys Lys Gin Tyr Thr Thr Pro Lys Lys He Lys His Lys Arg Lys 
85 90 95 

Lys Val Lys Met Ala He Ijeu Lys Tyr Tyr Lys Val A^ Ser Asp (Sly 
100 105 110 

so 

Lys He Lys Arg Leu Arg Arg Glu Cys Pro Gin Pro Gin Cys Gly Ala 
115 120 125 

Gly He Phe Met Ala Phe His Ser Asn Arg Gin Thr Cys Gly Lys Cys 
35 130 135 140 

Gly Leu Thr Tyr Thr Ite Ala Glu Gly Thr Gin Pro Ser Ala 
145 150 155 

60 

(2) INFOBMKmOtf FOR SBQ ID NQ:26: 

(i) SEQUENCE CHARACmtCSnCS: 
(A) IJEN3IH: 303 base pairs 
65 (B) TVPE: nucleic acid 

(C) STRANDEIXZESS: double 

(D) TUPQEiXV: linear 
<ii) MD1HI3LE TYPE: dNA 

70 
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(iii) HYPOIHErnCAL: NO 
(iv) ANTI-SENSE: NO 

(vi) GERIGINAL SOURCE:: 

(A) OE^QANISM: Phaffia rhoctozyma 

(ix) FEATURE: 

(A> NAME/KEY: CBS 

(B) liDCATICN: 57. .278 

(D) OTHER INPORMATICN: /prodiirt^ "ERcENAll« 
(xi) SEQUENCE DESCRXPTION: SBQ ID N0:26: 

TTBvcAOo^ AACxnroccr AOcrnrcAA caacaaaica cacceaagct itovtc 55 

ATC GAG TOC: ATC AAG AOC TOG ATT TCC AAC GOC GCC AAC TAC GCT TCT 104 
Met Glu Ser lie Lys llir Ser lie Ser Asn Ala Ala Asn Tyr Ala Ser 
15 10 15 

GAG ACT GTC AAC CflG GOC ACT AGC GCC ACC TOC AAG GAG GCC AAC AAG 152 
Glu Thr Val Asn Gin Ala Thr Ser Ala Ttir ser Lys Glu Ala Asn Lys 
20 25 30 

GAG GIT GOC AAG GAC TOC AAT GOC GGA GIT GGA ACC OGA ATC AAC GOC 200 
Glu Val Ala Lys Asp Ser Asn Ala Gly Val Gly Ihr Arg lie Asn Ala 
35 40 45 



QGA ATT GAT GCT CIT GGA GAC AAG GOC GAC GAG ACT TOG TCT GAT GOC 248 
Gly lie Asp Ala Leu Gly Asp Lys Ala Asp Glu Dir Ser Ser Asp Ala 
50 55 60 

PiPG TOC AAG GOC TM2 AAG CAG AAC ATC TT^ALTi'lATlT AGAXAGTOGT 295 
Lys Ser Lys Ala Tyr Lys Gin Asn lie 
65 70 

CCKTPTrr 303 



(2) INPQERMATICN FOR SBQ ID N0:27: 

4s (i) gwgrjraarR aiARACrERI?ncS : 

(A) I£N?IH: 73 amijno acids 

(B) TYPE: andno acid 
(D) TOFCmSV: linear 

so (ii) M3[£CUl£ TYPE: protein 

(xi) SBQaOKS IBSOlIPnON: SEQ ID NO: 27: 

Met Glu Ser lie Lys Thr Ser lie Ser Asn Ala Ala Asn Tyr Ala Ser 

55 1 5 10 15 

Glu Ihr Val Asn Gin Ala Tbr Ser Ala Thr Ser Lys Glu Ala Asn Lys 
20 25 30 

60 Glu Val Ala Lys Asp Ser Asn Ala Gly Val Gly Hir Arg He Asn Ala 
35 40 45 

Gly He Asp Ala Leu Gly A^ Lys Ala Asp Glu Thr Ser Ser Asp Ala 
50 55 60 



63 



Lys Ser Lys Ala Tyr Lys Gin Asn He 

65 70 



TO (2) INFaRMATXGN FOR SEC} ID 1X3:28: 
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(1} SBQUESKS CHARACIERISncS : 
{A) I£24GIH: 307 base pairs 

(B) T?PE: nucleic acid 

(C) STRANEMHESS: double 
5 (D) TOPdOGy: linear 

(ii) fCLECUm TYPE: cO^ 

(iii) HVkOiUKriCAL: NO 

10 

(iv) Atm-SEISSE: KD 

(vi) ORIGIKKL SOQROB: 

(A) CRGANISM: Fhaffia rludbzyma 

IS 

(Ix) FEJOORE: 

(A) NAMB/KEY: CDS 

(B) LOOaiOT: 3.. 227 

(D) aiHER XNECRMAXXON: /product^^ "E^tdCMAlS" 

20 

(xi) SBQUENGB DBSaUPTICN: SEQ ID N0:28: 

AC C3CT TOC ATC GAG TCT GfiG OCX! 03A CAA CPC AAG CTC AAG AGG CTT 47 
25 Pro Ser lie Qlu Ser Glu Ala Arg Gla His Lys leu Lys Arg Leu 
15 10 15 



30 GIG GAG AGC CGC AAC TCT TIC TTC ATG GAC CTC APG T3C OCT GGT TX 95 
Val Gin Ser Pro Asn Ser Phe Phe Met Asp Val Lys Cys Pro Gly Cys 
20 25 30 

TIC CAG KTC AOC AOC GIG TTC TOQ CAC GOT TOC ACT GOC GTIT CAG It?! 143 
35 Phe Gin lie Ttar Thr Val Ete Ser His Ala Ser Thr Ala Val Gin Cys 
35 40 45 

GGA TOG IGC CAG AOC ATC CXC TOC CAG OOC COS GGA GGA AAG GCT OSA 191 
Gly Ser cys Gin Uir lie Leu Cys Gin Pro Arg Gly Gly Lys Ala Arg 
40 50 55 60 

err AOC (3PC GGA TGC tut TTC QGA OSA AAG AAC TAAGITTCIG TTKI03GKVG 244 
Leu Tlir Glu Gly Cys Ser Phe Arg Arg Lys Asn 

65 70 75 

45 

ATXATXCAA AIAAAAGICA AAAAAAAAAA AAAAAAAAAC TCQAGQQQQQ OlXUfift OC 304 
CAA 307 

so 

(2) INFCRMATZCN FGR SEQ ID ND:29: 

(i) SBQUENCE CHARACIERISTICS : 

<A) ISXalRi 74 andno acids 
S5 (B) TYX: amino acid 

(D) TOPCSDOGy^: linear 

(ii) MJUECUrg TYPE: pro/tein 

to <xi) SBCPEMCE DBSaaPnCN: SSEQ ID NO:29: 

Pro Ser He Glu Ser Glu Ala Arg Gin His Lys L^ Lys Arg Leu Val 
15 10 15 

65 Gin Ser Pro Asn Ser E*ie Phe Met Asp Val Lys Cys Pro Gly Cys Phe 

20 25 30 

Gin He Thr Thr Val Phe Ser His Ala Ser Thr Ala Val Gin Cys Gly 
35 40 45 
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Ser Cys Gin Thr He Leu Cys Gin Pro Arg Gly Gly Lys Ala Arg Leu 
50 55 60 

Hit Glu Gly Cys Ser Phe Arg Arg Lys Asn 
5 65 70 



(2) JNFOCWaiCN FOR SBQ ID N0:30: 

(i) SBQCMCE CHARACIHllSnCS : 

(A) LENGTIH: 502 base pairs 

(B) lYPE: nucleic acid 

(C) STRmyBXJESS: double 

(D) TOFQUDGV: linear 

(ii) NDLfOILE TYPE: cCNA 

(IdLi) Kf^ajSETlCXa: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

{A) ORGANISM: Phaffia rhocbzyna 

(ix) FEKIURE: 

(A) NRME/KEY: CDS 

(B) lOCKTiaH: 30.. 359 

(D) OIHER INFGKMATICN: /product^ "PRdCMASS" 
(xi) SBQUENCE EESCIOPnCNt SBQ ID NO: 30: 

GTCSGcrooG gcitaaaicCj atposd^ ktg tct gaa ctc goc gcx: TOC TPC 53 

Met Ser Glu Leu Ala Ala Ser Tyr 

1 5 

gcx: gct err atc ctc qoc gac gms ggt att gag aic aoc tct gag aag loi 
Ala Ala lieu He Leu Ala Asp Glu Gly He Glu He Hir Ser Glu Lys 
10 15 20 

dC GXC ACT CTC AOC ADC GOC GCC AAG GTT GAG CTT Gf^ OCC ATC T3G 149 
Leu Val Tbr lisu Thr Ihr Ala Ala Lys Val Glu Leu Glu Pro He Trp 
25 30 35 40 

GOC ACT CTC CIT GOC AAG GOC CTC GAG GGA AAG AAC GTC AAG GAG TIG 197 
Ala Thr Leu Leu Ala Lys Ala Leu Glu Gly Lys Asn Val Lys Glu Leu 
45 50 55 

CIT TCC AAC GTC GGA TOC GGA GOC GGA GCSA GCT GOC OOC GOC GOC GOC 245 
Leu Ser Asn Val Gly Ser Gly Ala Gly Gly Ala Ala Pro Ala Ala Ala 
60 65 70 

ore GOC GOT GGA OCT TOC OCT GAC GOC TCT GCC OCC OCT GAG GAG AW3 293 
Val Ala Gly Gly Ala Ser Ala Asp Ala Ser Ala Pro Ala Glu Glu Lys 
75 80 85 

AAG GAG GAG AAG GCT GAG CS^ AAG GAG GAG TCT GAC GAC ATS GGT 341 
Lys Glu Glu Lys Ala Glu Asp Lys Glu Glu Ser Asp Asp Asp Met Gly 

90 95 100 

TTC GGA CTT TTC GAT TAAACTCCCT OGOCIAAAAA OCdTnCTT CAADOOOCTC 396 
Phe Gly Leu Phe Asp 
105 110 

TOGTOQCATC GTICACTOGA OOGCTOOCTT TCTTCTOCTr TOCICAOGAA TlTlUitXTr 456 
GICrOGnrC 0CAA3N3GAT NIXXTIGAAA TSAKGnrOC CAATIG 502 



TO (2) INFORMKnCN FOR SEQ W N0:31: 
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60 



65 



(1) SBQUEMGB CHARACIERISnCS : 

<A) LEXKHH: 109 amino acids 
(B) TVPE: amino acid 
(D) TQPQLOGV: linear 

(ii) MDLECULE lYPS: protein 

(xi) SQ3UEKC£ tSESCRIPTIGN: SEQ ID ND:31: 

Met Ser Glu Leu Ala ALa Ser lyr Ala Ala Leu lie Leu Ala Asp Glu 
15 10 15 

Gly He Glu He Uir Ser Glu Lys Leu Val Uir Leu Itir Ihr Ala Ala 
20 25 30 

Lys Val Glu Leu Glu Pro He Trp Ala Thr Leu Leu Ala Lys Ala Leu 
35 40 45 

Glu Gly Lys Asn Val Lys Glu Leu lisu Ser Asn Val Gly Ser Gly Ala 
50 55 60 

Gly Gly Ala Ala Pro Ala Ala Ala Val Ala Gly Gly Ala Ser Ala Ai^ 
65 70 75 80 

Ala Ser Ala Pro Ala Glu Glu Lys Lys Glu Glu Lys Ala Glu Asp Lys 
85 90 95 

Glu Glu Ser Asp Asp Asp Met Gly Phe Gly Leu Phe Asp 
100 105 



(2) INFCRMATIGN FOR SBQ ID NO:32: 

(i) SEQUENCE CSnRAdERISTICS : 

(A) I£MC?IH: 381 base pairs 

(B) TYPE: nucleic acid 

(C) STRANCQHeSS: dbuble 

(D) TOBOLCGiii linear 

(ii) M3£JEnX£ TVPE: c£NA 

(iii) HyPOIHETICAL: HO 

(iv) AMIT-SQCT: ND 

(vi) ORIGINAL SOanCE: 

(A) GRGANISM: Fhaffia rhodozytna 

(ix) FEAIURE: 

(A) NAME/KEY: CTS 

(B) LXKUGN: 7.. 282 

(D) OIBER XNEGRMMnCM: /product^ "PRidCNA38" 

<xi} SBQDQKX: IKSCRIPITCtI: SEQ ID 1K):32: 

dCAAG ATS ACC AAA GGT AIX tCC TUT TIC GGT AAG GGA CAC AOC AM3 48 
Met Thr Lys Gly Thr Ser Ser Phe Gly Lys Arg His Thr Lys 
1 5 10 

P€C GAC ACC ATC TQC OSA OQA TCT QGT AAC AGS GCT TIC CfiC AOG CPG 96 
thr His Thr He Cys Azg Arg Cya Gly Asn Arg Ala Phe His Azg Gin 
15 20 25 30 

AAG KPC ACX: TGT GCT CAG TGT GGA TAG OCT GOC GOC AAG ATG CX3A AOC 144 
Lys Lys Thr Cys Ala Gin Cys Gly Tyr Pro Ala Ala Lys Met Arg Ser 
35 40 45 



nc AAC TGG GGA GAG AAG GOC AAG N3G AGA AAG ACC AOC GGT AOC GGT 192 
70 Phe Asn Tcp Gly Glu Lys Ala Lys Arg Arg Lys Thr Thr Gly Thr Gly 
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80 

50 55 60 

OSA ATG CaC CftC CTC AAG GAC CnC TCP 03A CX3A TIC AftG AAC GQC TIC 240 
Arcf Met Gin His Leu Lys Asp Val Ser Arg Axg Fhe Lys Asn Gly Fhe 
5 65 70 75 

CX3A GAG QGA ACT TCT GOC ACC AA6 AAG GIC AAG OCX! GAG TAATOaSTTT 289 
Arg Glu Gly Thr Ser Ala Thr Lys Lys Val Lys Ala Glu 
80 85 90 

10 

ATCX3VICRCC TOGIGAICTG GC3CaaGrD\AT AATCnTTICT laGAGACIAT U Lmun Ulli 349 
CIGOOaCATC AAACAAAAAA AAAAAAAAAA AA 381 

IS 

(2) INEDRMATICN FOR SBQ ID N3:33: 

(i) SEQUENCE CHARACIERISTICS : 

(A) L£I^C?IH: 91 amina acids 
20 (B) TVPE: amino acid 

(D) TOPQLOGvr: linear 

(ii) M3L£XX]LE T^: protein 

25 (xi) SEOTENCE DESCRIPnCN: SEQ ID ND:33: 

Met ISir Lys Gly Thr Ser Ser Phe Gly Lys Arg His Itor Lys Thr His 
15 10 15 

30 Thr He Cys Arg Arg Cys Gly Asn Arg Ala Phe His Arg Gin Lys Lys 
20 25 30 

Ttir Q's Ala Gin Cys Gly Tyr Pro Ala Ala Lys Met Arg Ser Phe Asn 
35 40 45 

3S 

Itp Gly Glu Lys Ala Lys Arg Arg Lys Thr Thr Gly Thr Gly Arg Met 
50 55 60 

Gin His Leu Lys Pisp Val Ser Arg Arg Phe Lys Asn Gly Phe Arg GLu 
40 65 70 75 80 

Gly Thr Ser Ala Thr Lys Lys Val Lys Ala Glu 
85 90 

4S 

(2) INPOBMATICN PGR SEQ ID R>:34: 

(i) SBOTNCE CHARAdERISTTCS : 

(A) LENCJIH: 473 base pairs 
so (B) T5fPE: nucleic acid 

(C) STRANDECKESS : double 

(D) TOPOdjOGY: linear 

(ii) VDLEOJLE TVPE: c£NA 

ss 

(iii) KyPaiUhTlCAL: tsO 
(iv) ANTI-SENSE: 1K> 
«0 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Phaffia rhodozynB 

(ix) EEA3URE: 

(A) NAME/KEY: CDS 
6$ (B) IDCAITCN: 19.. 321 

(D) OXHER INFCRMATIGN: /products "ERcINMe*' 



(xi) SBQUEICE DESCRIPTION: SEQ ID ND:34: 



SUBSTITUTE SHEET (RULE 26) 



wo 97/23633 PCT/EP96/0S887 

81 

CTCMG?VftGA AACTOOOC ATG CCT PiCC OGA TTC TOC AAC ACT CX3A AAG CftC SI 
Met Pro Ihr Arg Phe Ser Asn Ihr Arg Lys His 
15 10 

s AGA GSA GAC GTIC TCT GCC GOT CAC GST CXjT GTTS GGA AAG C7^ AGA AAG 99 
Arg Gly His Val Ser Ala Gly His Gly Arg Val Gly Lys His Arg Lys 
15 20 25 

CAC OCA GGA GGA OGA GCTT CIT GCT GGA GGA CAG CAC CAC CAC OQA AOC 147 
10 His Pro Gly Gly Arg Gly Leu Ala Gly Gly Gin His His His Arg Thr 
30 35 40 

AAC TTC QKT AAG TAC CAC OCT GGA TAC TIC GGA AAG GPC GGA AIG AGG 195 
Asn Phe Asp Lys Tyr His Pro Gly lyr Ete Gly Lys Val Gly Met Azg 
13 45 50 55 

CAC TTC CAC err ADC CGA NAC TCT TOC TQS TGC OCT AOC GTC AAC MT 243 
His Phe His Leu Thr Arg Xaa Ser Ser Ttp cys Pro Thr Val Asn He 
60 65 70 75 

zo 

GAC NAG CXC TQ6 ACT CZC GTC OOC GCT GAG GAG AAG AAG GAC TTC GOC 291 
Asp Xaa Leu Trp ttur Leu Val Pro ALa GIu Glu Lys Lys Asp Phe Pro 
80 85 90 

2S 

AAC CAG GCT OGA OCT CUT COC CGT TXST TGACAdTIG GCrCiaXSTT 338 
Asn Gin Ala Azg Pro Azg Pro Arg Cys 
95 100 

30 AGGGCAAIGr TCITQGCAAG GGrrCCOTC (XCMSKTCCC TTDUmiTir AAG GC OOG A T 398 

TCWmmSC TCnGOOSAG AANAANATCM ANGANaCIGG TTGGAAira: ' lUiUJUL T lT 458 

GnoaxxxN ttvang 473 

35 

(2) IMPQSMATICN FOR SEQ ID ND:35: 

(i) SBQUENCE CHARACIStlSnCS : 
40 (A) UEMGriH: 100 amino acids 

(B) TYPE: amino acid 
(D) TOTOLCXjy; linpar 

(ii) M3LE9CXILE TYPE: protein 

4i 

(xi) SEQQEZCE CBSCRIPTIGN: SEQ ID NO: 35 : 

Met Pro Thr Arg Phe Ser Asn TSir Azg Lys His Azg Gly His Val Ser 
15 10 15 

so 

Ala Gly His Gly Arg Val Gly Lys His Azg Lys His Pro Gly Gly Azg 
20 25 30 

Gly Leu Ala Gly Gly Gin His His His Azg Thr Asn Phe Asp Lys Tyr 
ss 35 40 45 

His Pro Gly Tyr Phe (Sly Lys Val cay Met Arg His Phe His Leu Thr 
50 55 60 

60 Azg Xaa Ser Ser Tzp Cys Pro Ihr Val Asn lie Asp Xaa Leu T^ Thr 
65 70 75 80 

Leu Val Pro Ala Glu Glu Lys Lys Asp Phe Pro Asn Gin Ala Azg Pro 
85 90 95 

63 

Azg Pro Arg Cys 
100 



TO (2) INFDRMATICN FOR SBQ ID NO:36: 
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20 



35 



(i) SSXJMICE C3]ARACII3USnCS; 

(A) I£M3IH: 608 base pairs 

(B) TYPE: ruicleic acid 

(C) SraflNnFIINRSS: double 

(D) TOPOLOGY: linear 

(ii) NDLECULE TYPE: cCNA 

(iii) HVPOIHETICS^L: NO 

(iv) ANTI-SENSE: NO 

(vi) 0RIGI21AL 9CXMSi 

(A) GfRGANIS4: Phaffia rhcxlozyna 

(ix) FEAIURE: 

(A) NAME/KEY: 036 

(B) LOCATICN: 18.. 453 

(D) CXCHEK INFQRMATICN: /product^: "PRc£NA64'* 

<xi) SECPEIVCE DESCXaPTIGN: SEQ ID N0:36: 

AaGACTOGIC GITCAQC ATS TCXT TOC CTC AAA GOC ACX: AAA GC3A AAG GGT 50 
Met Ser Ser Val Lys Ala Ihr Lys Gly Lys Gly 
15 10 

CXC GOC QCr TOG GCT GAT GTT Aft3 GCC AAG GOC QCC AAG AAG GCT GCC 98 
Pro Ala Ala Ser Ala Asp Val Lys Ala Lys Ala Ala Lys Lys Ala Ala 
IS 20 25 

CJIC AAG GGT ACT CAG TCT ACT TOC ADC POG AAG GTC OGA ACT TOG G?rC 146 
Leu Lys Gly llir Gin Ser Ihr Ser Thr Arg Lys Val Arg Ihr Ser Val 
30 35 40 

TCT TIC CAC OGA OOC AAG ACT CIC OGA CTT OOC 03A GCT OCC AAG TAG 194 
Ser Phe His Arg Pro Lys Thr Leu Arg Ijeu Pro Arg Ala Pro Lys Tyr 
45 50 55 

OOC aSA AAG TOG CTC CCT CAC GCC CCT OGA ATS GAT GAG TTC OGA ACT 242 
Pro Arg Lys Ser Val Pro His Ala Pro Arg Met Asp Glu Phe Arg Ihr 
60 65 70 75 

KTC ATC CPC OOC TIG GCT AOC GAG TOC GOC ATG A;^ AftS ATT GAG GAG 290 
lie lie His Pro Leu Ala Thr Glu Ser Ala Met Lys Lys lie Glu Glu 
80 65 90 

CAC AAC AOC err GIG TIC ATC GIC GAT CTC AAG TOC AAC AAG OGA CAG 338 
His Asn Thr Leu Val Phe He Val Asp Val Lys Ser Asn Lys Arg Gin 
95 100 105 

ATC AAG GAC GOC GTC AAG AAG CIC TAC GAG GIC GAT ADC GIC CAC NIC 386 
He Lys Asp Ala Val Lys Lys Leu Tyr Glu Val Asp Thr Val His Xaa 
UO 115 120 

AAC NOC TIG ATC ADC OOC GCC OGA AGG AftS AW3 dT ADG TCC GAC TIA 434 
Asn Xaa Leu He Ihr Pro Ala Gly Arg Lys Lys Leu Ohr Ser Asp Leu 
125 130 135 

OOC COS ADC ADG ADG CIC T IMDGITOOC MafOSOOS QCnOOCIA 483 
Pro Pro Thr Ihr Thr Leu 
140 145 

ATOGACrOCA TOOCTIGGAT OQCalTCAGIT GITK3GrnG CATGOQCTIT CAGAGllTSA 543 

C3GADCTIGAA ACICNAANAC TTIGGATGCA TGITIGAAKr TCIOaAAKEA AAAAAAAAAA 603 

AAAAA 608 
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(2) INFORMKHCN for SBQ id ND:37: 

(i) SBQUBICE CHARACIERISXICS: 

(A) I£NC?IH: 145 andiio acids 
5 (B) TVFG: amino acid 

(D) TOPC5L0GV: linear 

(ii) MnTFTULE TYPE: protein 

10 (xi) SEQUEXCE EESCRIPTZCN: SEQ ID N0:37: 

Met Ser Ser Val Lys Ala Dir Lys Gly Lys 6Iy Pro Ala Ala Ser Ala 
15 10 15 

15 Asp Val Lys Ala Lys Ala Ala Lys Lys Ala Ala Leu Lys Gly Uir Gin 
20 25 30 

Ser Thr Ser Thr Arg Lys Val Azg Ihr Ser Val Ser Phe His Axg Pro 
35 40 45 

20 

Lys 13ir Leu Arg Leu Pro Azg Ala Pro Lys Tyr Pro Arg Lys Ser Val 
50 55 60 

Pro His Ala Pro Aig Met Asp Glu Phe Arg Ihr He He His Pro Leu 

25 65 70 75 80 

Ala Thr Glu Ser Ala Met Lys Lys He Glu Glu His Asn Itar Leu Val 
85 90 95 

30 Cte He Val Asp Val Lys Ser Asn Lys Arg Gin He Lys Asp Ala Val 
100 105 110 

Lys Lys Leu lyr Glu Val Asp Thr Val His Xaa Asn Xaa Leu He Thr 
115 120 125 



3S 



Pro Ala Gly Arg Lys Lys Leu Thr Ser Leu Pro Pro Thr Thr Thr 
130 135 140 

Leu 

40 145 

(2> INFORMKTICN FOR SEQ ID ND:38: 

(i) SBQUQICE CHARACTERISTICS: 
4s (A) XfMGIH: 466 base pairs 

(B) TYPE: nucleic acid 

(C) Sn^ANCMKBSS: double 

(D) TOPOLOGY: linear 

so (ii) M3LEXXJLE TYPE: dWA 

(iii) HYPOIHETiaVL: NO 
(iv) AMTI-SQBE: NO 

55 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: »iaffia xtociozyna 

(ix) FETdURE: 
» (A) NAME/KEY: CDS 

(B) LOCATICN: 81. .416 

(D) OIHEK BIEORMATICII: /product^ "PRgEMASB** 
6» (xi) SBQOENCE CESCRIFTICN: SEQ ID NO:38: 

crnxsAAcrr ccaacctooo catcaagcac TMrrcAGOcr cogcteaaat OGAT T os i u r so 

AGOcnrcAA AcrosMAA atg aag cm: atc qcc gct tac ttg crc crc no 
70 Met Lys His He Ala Ala Tyr Leu Leu Leu 
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15 10 

(3CC ADC GCT GC3A AAC NOC TCC CCC TCT GCX: GCC GftT GTTC AAG GCC OTC 158 
Ala Hit Gly Gly Asn Xaa Ser Pro Ser Ala Ala Asp Val Lys Ala Leu 
5 15 20 25 

err Goc Ptcc gtc gac atc gag qct gat gac ac3C osa err gag aoc crc 206 
Leu Ala Ttir Val Asp He Glu Ala Asp Asp Ala Axg Leu Glu Itir Leu 
30 35 40 

10 

AIC TC3C GAG CTT AAC GGC AAG GAC TIG AAC AOC CTC AIC GCT GAG GQA 254 
He Ser Glu Leu Asn Gly Lys Asp Leu Asn Thr Leu He Ala Glu Gly 

45 50 55 

15 TOC GOC AAG CIC GCT TOC GTC COC TOC QGA GGA GOC GOC TCT TOC GCI 302 
Ser Ala Lys Leu Ala Ser Val Pro Ser Gly Gly Ala Ala Ser Ser Ala 
60 65 70 

GCC COC GOC GOC QCr GGA GQA GOC GOC GOC CCT GOC GOT GAG GAT AAG 350 
30 Ala Pro Ala Ala Ala Gly Gly Ala Ala Ala Pro Ala Ala Glu Asp Lys 
75 80 85 90 

AAG GAG GAG fiPG GIC GAG GAC AM3 GPG TUT GAC GAC GAC ATG GGT 398 
Lys Glu Glu Lys Val Glu Asp Lys GQLu Glu Ser Asp Asp Asp Met Gly 

25 95 100 105 

TTC GGA err TIC GAT TAAACTOCTT ACAULTmT CAAACICTIC GTiUXUO jA 453 
Phs Gly Leu Phe Asp 
110 

30 

GCT 466 



35 



40 



(2) INFGKMAITCN FCR SBQ ZD IK):39: 

(i) SBQUE2CE CHARACIQaSTICS : 

(A) tB^STH: 111 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) WMCULE TYPE: protein 

(xi) SEQUENCE DESCRIPITCN: SBQ ID NO:39: 

45 Met Lys His He Ala Ala Tyr Leu Leu Leu Ala Ihr Gly Gly Asn Xaa 
15 10 15 

Ser Pro Ser Ala Ala Asp Val Lys Ala Leu Leu Ala Ihr Val He 

20 25 30 



50 



65 



Glu Ala Asp Asp Ala Arg Leu Glu Ihr Leu He Ser Glu Leu Asn Gly 
35 40 45 



Lys Asp Leu Asn Ihr Leu He Ala Glu Gly Ser Ala Lys Leu Ala Ser 
55 50 55 60 

Val Pro Ser Gly Gly Ala Ala Ser Ser Ala Ala Pro Ala Ala Ala Gly 
65 70 75 80 

60 Gly Ala Ala Ala Pro Ala Ala Glu A^ Lys Lys Glu Glu Lys Val Glu 

85 90 95 

Asp Lys Glu Glu Ser Asp A^ Asp Met Gly £te Gly Leu Phe Asp 
100 105 110 



<2) INFURMATICN PGR SEQ ID ND:40: 

(i) SBQfUEiO: CHARACIERISnCS: 
(A) UMGIH: 570 base pairs 
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(B) TOPE: nucleic acid 

(C) SIT^ANDECNESS: double 

(D) IDPODDGY: linear 

5 (ii) M3t£CULE TYPE: dMA 

(iii) HyPCnnmCAL: IX) 
(iv) AOTI^SENSE: ND 

10 

(vi) ORIGINAL SOURCE: 

(A) QRGmiSM: Pha££ia rhcxk>zyma 

(ix) FEATURE: 
IS (A) NAME/KEY: CDS 

(B) LranCN: 49.. 501 

(D) OTHER INTORMATICN: /product= "ERcENA73" 
20 (xL) SEQUENCE DESOSIPnCN: SBC^ H) NO: 40: 

CTitx ri xxm tcmgqcaaa ctticagaat cxincrcAAGr ckftcaac aig gga oga 57 

Met Gly Arg 
1 

25 

GTC OQC AOC AAA AOC CTC AAG CGA OCT TCG OGA GIG A3G ATC GfiG AAG 105 
Val Azg Thr Lys Thr Val Lys Arg Ala Ser Arg Val Met lie Glu Lys 
5 10 15 

30 TTC TAG OCT OGA CTC ACT CTT GAT TIC CAC AI3C AAC AAG CGA ATC GOC 153 
Phe Tyr Pro Arg Leu Thr Leu Asp £%ie His Thr Asn Lys Arg lie Ala 
20 25 30 35 

GAC GAG GIT GOC ATC ATC CCC TCC AAG OGA CTT CX3A AAC AW3 ATC GCT 201 
35 Asp Glu Val Ala lie lie Pro Ser Lys Arg Leu Arg Asn Lys He Ala 
40 45 50 

GOG TTC ACT AOC CAC TTS ATS AAG OGA ATC CA6 AAG GGA OOC GFT OGA 249 
Gly Phe Thr Thr His L&i Met Lys Arg lie Gin Lys Gly Pro Val Arg 
40 55 60 65 

OGrjmrTOCTICA^CITCAGGAGGAGGAGaSlGAGAGGAAGGATCAG 297 
Gly lie Ser Phe Lys Leu Gin Glu Glu Glu Arg Glu Arg Lys Asp Gin 
70 75 80 

45 

TMZ GIT OCT GAG GTC TCC GOC CTT GOC GOC OCT GAG dG GGT TIG GAG 345 
Tyr Val Pro Glu Val Ser Ala Leu Ala Ala Pro Glu Leu Gly Leu Glu 
85 90 95 

50 GTT GAC OOC GAC ADC AAG GAT CTT CTC OGA TOC CTT QGC ATS GAC TOC 393 
Val Asp Pro Asp Thr Lys Asp Leu Leu Arg Ser Leu Gly Mst Asp Ser 
100 105 110 115 

POC AAC GfTC CW3 GIC TOC GCT OCT ATC TCT TOC TAC GCT GOC OOC GAG 441 
35 He Asn Val GOLn Val Ser Ala Pro He Ser Ser Tyr Ala Ala Pro Glu 
120 125 130 

OGA GGI OOC OGA GGT GOC GGA OGA NOT GGA OGA ATC GIC OOC GGA GCT 489 
Arg Gly Pro Arg Gly Ala Gly Arg Xaa Gly Arg He Val Pro Gly Ala 
60 135 140 145 

GGC OGA TAC TTWtJlUlTiT CTTCAADCAN GGSA3MT1U ATNATTOGCT 538 
Gly Arg Tyr 
150 

65 

AQOCriGAAA Ti'mTIATC ATICTrOCIA TA 570 
(2) IMFDRMATiai FOR SBQ ID 1K):41: 
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(i) SEQUQKS anRACIERISnCS: 

(A) LESXSm: XSO amino adds 

(B) TYPEi andno add 
(D) TDPQiasV: linear 

5 

(ii) VC^BCULE TfPE: protein 

(xi) SBOqENCE nESCRIFTICN: SBQ ID MD:4I: 

10 Met Gly Arg Val Arg -nir Lys Thr Val Lys Arg Ala Ser Arg Val Met 
15 10 X5 

He Glu Lys Phe lyr Pro Arg Leu Thr lesa Asp Phe His Thr Asn Lys 
20 25 30 

IS 

Arg He Ala Asp Glu Val Ala He He Pro Ser Lys Arg Leu Arg Asn 
35 40 45 

Lys He Ala Gly Phe Thr Thr His L&i Met Lys Arg He Gin Lys Gly 
20 50 55 60 

Pro Val Arg Gly He Ser Phe Lys Leu Gin Glu Glu Glu Arg Glu Arg 
65 70 75 80 

25 Lys Asp Gin lyr Val Pro Glu Val Ser Ala Leu Ala Ala Pro Glu Leu 
85 90 95 

Gly Leu Glu Val Asp Pro Asp llir Lys Pisp Leu Leu Arg Ser Leu Gly 
100 105 no 



30 



Met Asp Ser He Asn Val Glxi Val Ser Ala Pro He Ser Ser Tyr Ala 
115 120 125 



Ala Pro Glu Arg Gly Pro Arg Gly Ala Gly Arg Xaa Gly Arg He Val 
M 130 135 140 

Pro Gly Ala Gly Arg Tyr 
145 150 

40 

(2)- INFt^MATICN FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACIERISTICS : 
(A) l^XsTH: 373 base pairs 
45 (B) TVPE: nucleic acid 

(C) SHUNDEZKESS: douible 

(D) TOVOLCXS^: linear 

(ii) MOLECULE TYPE: cCNA 

SO 

<iii) HYPaiHEnC3\L: NO 

(iv) AOTI'SENSE: NO 

55 (vi) ORIGINAL SOURCE: 

(A) aSGfmsti: Phaffia rhodozycia 

(ix) FEATURE: 

(A) NfiME/KEV': CES 
60 (B) LOCKTICN: 13.. 324 

(D) OTHER INFCRMRTICN: /product- "PRcENA76" 

(xi) SEQUENCE DBSGRIPITCN: SEQ ID N0:42: 

65 

OXrCKXCO^ AC AIG OCT OOC AAA GIT AAG GOC A^^ ACC GC?r GTC GCTT 48 
MBt Pro Pro Lys Val Lys Ala Lys Thr Gly Val Gly 
1 5 10 

TO A&G AOC CAG AAG AAG AAG AAG TGQ TOO AAG GGA AAG GIG AAG GAC A^^ 96 
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Lys Hir Gin Lys Lys Lys Lys Trp Ser Lys Gly Lys Val Lys Asp Lys 
15 20 25 

GCC GCC cm: CAC C?rC git git gat CAG GCC act TPC GAC AAG ATC git 144 
5 Ala Ala His His Val Val Val Asp Gin Ala Thr Tyr Asp Lys He Val 
30 35 40 

AAG GAG GTC CCC ACC TAC AAG TIG ATC TOC CAG TCT KtC TIG ATT GAC 192 
Lys Glu Val Pro Ite Tyr Lys Leu He Ser Gin Ser He Leu He Asp 
10 45 50 55 60 

OSA CAC AAG GIT AAC GGT TCC GVC GCC 03A GCC GCT ATC OSA CAC CTT 240 
Arg His Lys Val Asn Gly Ser Val Ala Arg Ala Ala He Arg His Leu 
65 70 75 

IS 

GCC AAG GAG GGA TOC ATC AAG AAG ATT GTC CAC CAC AAC GGA GAG TOG 288 
Ala Lys Glu Gly Ser He Lys Lys He Val His His Asn Gly GLn Trp 
60 85 90 

ATC TAC ACC OGA GOC ACT GCC OCT OCT GAC GCA T7\AATCIGAT GGAnTCATO 341 
He Tyr ihr Arg Ala Thr Ala Ala Pro Asp Ala 

95 100 

25 GATCriGAAA AA:IAAAAAAA AAAAAAAAAA AA 373 

(2) IMFQRM^CM FOR SEQ ID ND:43: 

30 (i) SEQUENCE C3JARACTE?ISTICS : 

(A) LENGIH: 103 amino acids 

(B) TYPE: amino acid 
(DJ TOPQLGGy: linear 

3) (ii) M3I£a]I£ TYPE: protein 

(xi) SGQUE20I DESaUFTIGN: SEQ ID ND:43: 

Met Pro Pro Lys Val Lys Ala Lys Ihr Gly Val Gly Lys Thr Gin Lys 
40 1 5 10 15 

Lys Lys Lys Trp Ser Lys Gly Lys Val Lys Asp Lys Ala Ala His His 
20 25 30 

43 Val Val Val A^ Gin Ala Utir Tyr A^ Lys He Val Lys Glu Val Pro 
35 40 45 

Tixr Tyr Lys Leu He Ser Gin Ser He Leu He Asp Azg His Lys Val 
50 55 60 

so 

Asn Gly Ser Val Ala Arg Ala Ala He Arg His Leu Ala Lys Glu Gly 
65 70 75 80 

Ser He Lys Lys He Val His His Asn Gly Gin Trp He Tyr Thr Arg 
5S 85 90 95 

Ala Thr Ala Ala Pro A^ Ala 
100 



60 



(2) IMFGBMATIGN PGR SEQ ID 193:44: 



(1) SBQUQICE CHARACTERXSTIGS : 
(A) UEUfSIHi 514 base pairs 
6s (B) TVFB: nucleic acid 

(C) snWHDECNESS: double 

(D) TOFOljDGV: linear 

(ii) FDUEXXEE TYPE: cENA 
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(iii) HYPaiULTlC3\L: NO 

(iv) ANTI-SENSE: NO 

s (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Phaffia rhodozyna 

(ix) FEA!IURE: 

(A) NAME/KEY: CDS 
10 (B) DOCATICW: 13.. 435 

(D) OIHER INFDRMATICN: /products *'PRcCNA78»' 



(xi) SEQCeCE DESOaPnCK: SBQ ID ND:44: 

AAAAAfiOGCA AT ATC CIT ATC TCT AAA CRG AAC AGG P£3G QOC ATC TIC 48 
Mst Leu lie Ser Lys Gin Asn Arg Arg Ala lie Phe 
15 10 

GAG AAC CTC TIC AAG GAG GGA GIT GCC GIC GCC GCC AAG GAC TIC AAC 96 
Glu Asn Leu Phe Lys Glu Gly Val Ala Val Ala Ala Lys Asp Phe Asn 
15 20 25 

OCT GOC ADC CAC COC GAG ATT GAG GGT GTC TOC AAC CTT GAG GIC ATC 144 
Ala Ala TSir His Pro Glu lie Glu Gly Val Ser Asn Leu Glu Val He 
30 35 40 

AAG GOC A3G CAG TOT TIG ADC TOC AAG GGA TAC GIG AAG ADC CAG TIC 192 
Lys Ala Met Gin Ser Leu Hir Ser Lys Gly Tyr Val Lys Thr Gin Pte 
45 50 55 60 

T03 T3G CAG TAC TOC lAC lAC ADC CTC ADC OCT GAG GGT CTT GAC lAC 240 
Ser Trp Gin Tyr Tyr Tyr Tyr Hir Leu Thr Pro Glu Gly Leu Asp Tyr 
65 70 75 

CIC OGA GAG TIC CIC CMZ CTT COC TCC GAG ATT GIC COC AAC ACT CIC 288 
Leu Arg Glu Phe Leu His Leu Pro Ser Glu He Val Pro Asn Ite Leu 
80 85 90 

AAG OSA CCC ADC OSA OCT GOC AAG GOC CPG GGT COC GC3V GGT GCC TAC 336 
Lys Arg Pro Tbr Arg Pro Ala Lys Ala Gin Gly Pro Gly Gly Ala Tyr 
95 100 105 

OGA GOT OOC OGA GOC GAG GGT GOC GGT OGA GGA GAG TAC OSA OGA OSA 384 
Arg Ala Pro Arg Ala Glu Gly Ala Gly Arg Gly Glu Tyr Arg Arg Arg 
110 115 120 

GAG GAC GGT GCC OCT GOC TTC GGT GOC GGT OGA GGT GGA OOC OGA GOT 432 
Glu Asp Gly Ala Gly Ala Phe Gly Ala Gly Arg Gly Gly Pro Arg Ala 
125 130 135 140 

raAATOCCAG AGcrmcrr ' muxu^nu ciGosRcrar oocAaxaiGA gc xujltxuc 492 

MAA A AA A AA A AAARAAAAA AA 514 

(2) INFCRMATICN FOR SBQ ID KD:45: 

(i) SEQUENCE CHARACiraiSTICS : 

(A) ua^STH: 140 amino acids 

(B) T£^: andno acid 
(D) lOPOLCG^Cz linear 

(ii) M3USCXIL£ TJfPE: protein 

(xi) SBQUEN35 DBSORIPTICN: SBQ ID 10:45: 

Met Leu He Ser Lys Gin Asn Arg Arg Ala He Phe Glu Asn Leu Phe 
15 10 15 
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Lys Glu Gly Val Ala Val Ala Ala Lys Asp Phe Asn Ala Ala Hir His 
20 25 30 

Pro Glu He Glu Gly Val Ser Asn Leu Glu Val He Lys Ala Met Gin 
5 35 40 45 

Ser Ijeu Ihr Ser Lys Gly lyr Val Lys Thr Gin Phe Ser Ttp Gin Tyr 
50 55 60 

10 Tyr Tyr Tyr Thr Leu Thr Pro Glu Gly Leu Asp Tyr Leu Arg Glu Phe 
65 70 75 80 

Leu His Leu Pro Ser Glu He Val Pro Asn Du: Leu Lys Arg Pro Thr 
85 90 95 

IS 

Aig Pro Ala Lys Ala Gin Gly Pro Gly Gly Ala Tyr Arg Ala Pro Arg 
100 105 110 

Ala Glu Gly Ala Gly Arg Gly Glu Tyr Arg Arg Arg Glu A^ Gly Ala 
» 115 120 125 

Gly Ala Ptse Gly Ala Gly Arg Gly Gly Pro Arg Ala 
130 135 140 



(2) INFCSMATICK FOR SBQ ID M0:46: 

(i) SEOUWOE CHARAdERXSnCS : 

(A) I£N:3ZK: 437 base pairs 

(B) TVPE: nucleic acid 

(C) SISANDECNESS: cbuble 

(D) TOPOLOGY: linear 

(ii) IXXSCULE TVPE: cEMA 

(iii) HVKJ^iUhTlCAL : MO 

(iv) ANTI-SQGE: NO 

(vi) QRIGIMAL SGORCE: 

(A) ORGANISM: Phaffia rhodozyna 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LCXMTCN: 30. .308 

(D) OIHER INFQRMAnCN: /product^ "FRc£MA85*' 



so 



(xi) SBQUENCE EGSGRIPnOI: SEQ ID ND:46: 

croacna»G aaatcaacx3v oogcacatc ato rcc aag cea act aag aaa art 53 

Met Ser Lys Arg Ttoc Lys Lys Val 
1 5 

55 OGA ATC ACC GGA AAG TAC GGA GIC CX3V XftC QGA OCT TOC CIC OSA AAG 101 
Gly He Tte Gly Lys Tyr Gly Val Arg Tyr Gly Ala Ser Leu Arg Lys 
10 15 20 

AOC GIC AAG AAG NIG GAG C?rC T9G CPG CPC QGT ACC TAC ADC TCT GAC 149 
60 Uir Val Lys Lys Xaa Glu Val Trp Gin His Gly Ttir Tyr Thr Cys Asp 
25 30 35 40 

TTC T3C OCA AAG GAC GCX! GIC AAG OSA AOC GCT C?IT GC?r ATC TOG AAG 197 
Phe Cys Gly Lys Asp Ala Val Lys Arg Uir Ala Val Gly He Trp Lys 
M 45 50 55 

TGC CX3A QGA TCC CX3A AAG ACC AOC GOC QGT OCT OCT TOG CAG CIT CAG 245 
Cys Arg Gly Cys Arg Lys ihr Hir Ala Gly Gly Ala Trp Gin Leu Gin 
60 65 70 
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ACC AOC go: GCr CIC GTC MG TOC ACC act OSA CX3A CIC 0C3A GAG 293 
Ihr Thr Ala Ala Lai Thr Val Lys Ser Thr Uir Arg Arg Leu Arg Glu 
75 80 85 

Crc AAG GAG GIT lAAATlGAAT ICIGCSCAAA GACAAAACIG TIGCXSGGOOG 345 
Leu Lys Glu Val 
90 

GAGAGAGIQG ATPGRTICIT TnTnTCTA GATCTSAAGG GATCOGATCT CAAOOCnTC 405 

ornracAAA aaaaaaaaaa aaaaaaaaaa aa 437 



(2) INFORMAITCN FOR SEQ ID MO:47: 

(i) SBQCIEMCE QiARACIERISnCS: 

(A) I£^1GIH: 92 amino acids 

(B) Typ!E: amino acid 
(D) TOPaLOGY: linear 

<ii) MDLECULE TYPE: protein 

(xi) SBQUEUCE DESCRIPnCN; SEQ JD NO: 47: 

23 Met Ser Lys Arg Uir Lys Lys Val Gly lie Ihr Gly Lys Tyr Gly Val 
15 10 IS 

Axg Tyr Gly Ala Ser L^ Arg Lys *Ttir Val Lys Lys Xaa Glu Val Ttp 
20 25 30 



20 



30 



Gin His Gly Ttir Tyr Thr cys Asp Ete Cys Gly Lys Asp Ala Val Lys 
35 40 45 



Arg Ihr Ala Val Gly lie Trp Lys Cys Arg Gly Cys Arg Lys Vnr Thr 

33 50 55 60 

Ala Gly Gly Ala Trp Gin Leu Gin Thr Thr Ala Ala Leu Thr Val Lys 
65 70 75 80 

40 Ser Thr Thr Arg Arg leu Arg Glu Leu Lys Glu Val 
85 90 



(2) INFQRMATICN VCR SEQ ID N0:48: 

45 

(i) SBQUQ3CE CHARACIBiZSTICS : 
{A) iBXSIHi 509 base pairs 

(B) TYFB: nuclei c acid 

(C) STRAN DECMBSS: double 
30 (D) TQPQU3GY: linear 

(ii) M3I£CUI£ TYPE: g£MA 

(iii) HyPCnHEITCAL: }X> 

(iv) AMTI-SENSB: ND 

(vi) QRIGXMKL SCXBCB: 

(A) ORGANISM: Phaffia rhodozyna 

60 

(ix) FEAIURE: 

(A) NAMB/KEY: CDS 

(B) WCPOIW: 35.. 400 

(D) CfTHER INFORMKnCW: /product^ "H?CCNR87" 

ta 

(xi) SEQUENCE DGSCmPnCN: SBQ ID M0:48: 

GGAAGAOCIC ACAGCAAGAC TAAGACXCIC AAAC A3G GCT ACX! AAG ACC GGC 52 
» Met Ala Thr Lys Thr Gly 
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AAG ACT CGA ICC GCT CTC CAG GAC GIC CTT ACT OGG GAG TAC MC MC 100 
Lys Thr Arg Ser Ala Ijsa Gin Asp Val Val Ihr Arg Glu Tyr Ihr lie 
10 15 20 

CAC CIC CAC AAG TAC GIT CAC OGA AGSTCTTICAAGAAGCXSAGCrCCr 148 
His Leu His Lys Tyr Val His Gly Arg Ser Phe Lys Lys Arg Ala Pro 
25 30 35 

1X3G GCr GIC AAG TCC ATC CAG GAG TIT GCT CTC AAG TOS AIG G3A ACXT 196 
Trp Ala Val Lys Ser lie Gin Glu Phe Ala Leu Lys Ser Met Gly Thr 
40 45 50 



CX3A GAT GIC CCA ATT GAC OOC AAG TIG AAC CAG QOC GTC T3G QGA CM 244 
Arg Asp Val Arg He Asp Pro Lys Leu Asn Gin Ala Val Trp Gly Gin 
55 60 65 70 

OCT arc AAG AAC COC OOC AAG CX3A CTC CGA MC OGR CTT GAG OSA AAG 292 
Gly Val Lys Asn Pro Pro Lys Arg Lai Arg He Arg Leu Glu Arg Lys 
75 80 85 

03A AAC GAC GAG GAG GAT GCT AAG GAC CIC TAC ACT CIT OCT AOC 340 
Arg Asn Asp Glu Glu Asp Ala Lys Asp Lys Leu Tyr Thr Lsu Ala 'nir 
90 95 100 

CTC ore CCC GGA GTC AOC AAC TTC AAG GGT CIC CAA ACC GIT GIC GTT 388 
Val Val Pro Gly Val Thr Asn Phe Lys Gly Leu Gin Thr Val Val Val 
105 110 115 

GAC ACC GAG TAAl'mUIC TrOGATnTC ATGAOGGiaS ATTCAGCICT 437 
Asp Thr Glu 
120 

TiCTTOQCQC ooTcncrr AnxaCTciG ATsocrrrcA OGAacxuriT nNnrciNA 497 

TAAATAAAAA AA 509 

(2) lOTORMATICN FOR SBQ ID NO:49: 

(i) SBQOENCE CHARACIERISTICS : 

(A) LEM3IH: 121 amino acids 

(B) TTIE: amino acid 
(D) TOPOLOGY': linear 

(ii) MnrrmrK typb: protein 

(xi) SBQCeO: DESCRIPnCN: SBQ ID N0:49: 

Met Ala Thr Lys Thr Gly Lys Thr Arg Ser Ala Leu Gin Asp Val Val 
15 10 15 

Thr Arg Glu Tyr Thr He His Leu His Lys Tyr Val His Gly Arg Ser 
20 25 30 

Phe Lys Lys Arg Ala Pro Trp Ala Val Lys Ser He Gin Glu Ehe Ala 
35 40 45 

l^u Lys Ser Met Gly Thr Arg Asp Val Arg He Asp Pro Lys Leu Asn 
50 55 60 

Gin Ala Val Trp Gly Gin Gly Val Lys Asn Pro Pro Lys Arg Leu Arg 
65 70 75 80 

He Arg Leu Glu Arg Lys Arg Asn Asp Glu Glu Asp Ala Lys Asp Lys 
85 90 95 
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Leu Tyr Thr Leu Ala Vcac Val Val Pro Gly Val Thr Asn Ete Lys Gly 
100 105 110 

Leu Gin Thr Val Val Val Asp Itir Glu 
5 115 120 



(2) INFORMKnGN KR SEQ ID N0:50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) UENGTIH: 542 base pedrs 

(B) TYPE: nucleic acid 

(C) STRANDEEMESS: double 

(D) TCPQLCXSy: linear 

(ii) MrffFniTiK TyPE: dlVl 

(iii) HYPOIHEnCAL: ND 

(iv) AMTI-SaBE: N3 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Phaffia riv3dozyina 

(ix) FEATORE: 

(A) NAME/KEY: CDS 

(B) LDCATIC W:^ 18 ..443 

(D) OIHBR UlEORMKnCM: /product^ **Pnc£NA95" 

(Xi) SEQUENCE DESCRIPnCN: SEQ ID ^D:50: 

ACTOGCIMA CAICAAG ATS TOC GTC OCT GTC CAG ACT TTC QGT AAG AAG 50 
Met Ser Val Ala Val Gin Hir Phe Gly Lys Lys 
15 10 

AAG ACT OCSC AOC OCT GIG GOC CAC GOC AC3C OCT GGC OSA OCT CTC ATC 98 
Lys Thr Ala thr Ala Val Ala His Ala Thr Pro Gly Arg Gly Leu He 
15 20 25 

OGA err AAC GGA CAG OCT AIC TCA CTP GGC GAG OCT GOT CTC CTC OGA 146 
Arg Leu Asn Gly Gin Pro He Ser Leu Ala Glu Pro Ala Leu lieu Arg 
30 35 40 

TAC AAG TAG TAC GAG OCT ATC CTC GTC ATC GSA OCT GAG AAG ATC AAC 194 
Tyr Lys Tyr Tyr Glu Pro lie Leu Val He Gly Ala Glu Lys He Asn 
45 50 55 

ATC GAC ATC OSA CTC AAG GTC AAG GGT GSA GGA CAC GIC TOO CAG 242 
Gin He Asp He Arg Leu Lys Val Lys Gly Gly Gly His Val Ser Gin 
60 65 70 75 

(SVG TPC GOC (JVC OGA CAG GGC MC GCSI AAG GOC ATC GTC GCT TPC TAC 290 
Val Tyr Ala Val Azg Gin Ala He Gly Lys Ala He Val Ala Tyr Tyr 
80 85 90 

GOT AAG AAC (JVC GAT GOC GOC TCT GOC CXC GAG KVC AAG AAG GOT CTC 338 
Ala Lys Asn Val Asp Ala Ala Ser Ala Leu Glu He Lys Lys Ala Leu 
95 100 105 

GIC GOC TPC GAC OGA ACC CTC CTC ATC GOC GOT OOC OGA OGA ATO GAG 386 
Val Ala Tyr Asp Arg Thr Leu Leu He Ala fisp Pro Arg Arg Met Glu 
110 H5 120 

OOC AAG AAG TTC GSA OGA COC GGA GOC OGA GOC OGA (JVC CPG AAG TCT 434 
Pro Lys Lys Phe Gly Gly Pro Gly Ala Arg Ala Arg Val Gin Lys Ser 
125 130 135 

TAC OGA TAAAAA03CT TlUlVnifiU GiC' i aJCXJGG TCiViVrA T OC AACATCnTG 490 
Tyr Arg 
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140 

GAAAANANIT GmOSCTCA TTOCTCKIGC CTCnTOIGG AAAAAAAAAA AA 542 

5 

{2) INPORMATICN PC^ SBO ID N0:51: 

(i) SBQUENOB CHARACIERISnCS : 

(A) t£3X?IH: 141 amijno acids 
to (B) TYPE: amino acid 

(D) rtOPOLOGY: Imsar 

(ii) UXECJLE TYTO: protein 

15 (xi) SEQJENOE EGSaUPnCN: SEQ ID MO: 51: 

Met Ser Val Ala Val Gin Thr Ete Gly Lys Lys Lys Itir Ala Thr Ala 
15 10 15 

20 Val Ala His Ala Hir Pro Gly Azg Gly Leu He Arg Leu Asn Gly Gin 
20 25 30 

Pro lie Ser Leu Ala Glu Pro Ala Leu Leu Azg Tyr Lys Tyr Tyr Glu 
35 40 45 

25 

Pro lie Leu Val lie Gly Ala Glu Lys He Asn Gin He Asp He Arg 
50 55 60 

Leu Lys Val Lys Gly Gly Gly His Val Ser Gin Val Tyr Ala Val Arg 
30 65 70 75 80 

Gin Ala He Gly Lys Ala He Val Ala Tyr Tyr Ala Lys Asn Val A^ 
85 90 95 

35 Ala Ala Ser Ala Leu Glu He Lys Lys Ala Leu Val Ala Tyr Asp Arg 
100 105 110 

Ibr L^ Leu He Ala Asp Pro Arg Arg Mst Glu Pro Lys Lys Phe Gly 
115 120 12S 

40 

Gly Pro Gly Ala Arg Ala Arg Val Gin Lys Ser Tyr Arg 
130 135 140 
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Claims 

1. Recombinant DNA comprising a transcription promoter and a downstream sequence to be 
expressed, in operable linkage therewith^ 

wherein the transcription promoter comprises a region found upstream of the open reading 
frame of a highly expressed PhaJBfta gene. 

2. Recombinant DNA according to claim 1. wherein said highly expressed Phaffia gene is a 
glycolytic pathway gene. 

3. Recombinant DNA according to claim 2, wherein said glycolytic pathway gene is a gene coding 
for Glyceraldehyde-3-Phosphate Dehydrogenase. 

4. Recombinant DNA according to claim I, wherein said highly expressed Phaffia gene is a 
ribosomal protein encoding gene. 

5. Recombinant DNA comprising a transcription promoter and a downstream sequence to be 
expressed, in operable linkage therewith, 

wherein the transcription promoter comprises a region found upstream of the open reading 
frame encoding a protein as represented by one of the amino acid sequences depicted in any one of 
SEQIDNOs: 24 to 50. 

6. A recombinant DNA according to any one of the preceding claims, wherein said downstream 
sequence to be expressed is heterologous with respect to the transcription promoter sequence. 

7. A recombinant DNA according to any one of claims 1 to 6, wherein the downstream sequence 
comprises an open reading frame coding for a polypeptide responsible for reduced sensitivity against a 
selective agent 

8. A recombinant DNA according to claim 7. wherein said selective agent is G418. 

9. A recombinant DNA according to any one of claims 1 to 6, wherein the said downstream 
sequence to be expressed codes for an enzyme involved in the carotenoid biosynthesis pathway. 

10. A recombinant DNA according to claim 9, wherein said downstream sequence to be expressed 
encodes an enzyme having an activity selected from the group consisting of isopentenyl pyrophosphate 
isomerase, geranylgeranyl pyrophosphate synthase, phytoene synthase, phytoene desaturase, and lycopene 
cyclase. 
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11. A recombinant DNA according to claim 10, wherein said downstream sequence to be expressed 
encodes an enzyme having an amino acid sequence selected from the one represented by SEQIDNO: 13, 
SEQIDNO: 15, SEQIDNO: 17, SEQIDNO: 19, SEQIDNO: 21 or SEQIDNO: 23. 

5 12. A recombinant DNA according to any one of the preceding claims, wherein said recombinant 
DNA comprises further a transcription terminator downstream from the said DNA sequence to be 
expressed, in operable linkage therewith. 

13. A recombinant DNA according to claim 12, wherein the terminator is a GAPDH-encoding gene 
10 terminator fragment. 

14. A recombinant DNA according to any one of the preceding claims, wherein the recombinant 
DNA is in the form of a vector capable of replication and/or integration in a host organism. 

ts 15. A recombinant DNA according to claim 14, further comprising Phaffia ribosomal RNA 
encoding DNA. 

16. A recombinant DNA according to claim 15. which is linearised by cleaving inside the Phaffia 
ribosomal RNA encoding DNA portion. 

20 

17. A microorganism harbouring a recombinant DNA according to any one of the preceding claims. 

18. A microorganism according to claim 17, which is Phaffia rhodozyma, 

25 19. A microorganism according to claim 18, having the recombinant DNA integrated into its 
genome in an amount of SO copies or more. 

20. An isolated DNA fragment comprising a Phaffia GAPDH-gene, or a functional fragment 
thereof 

30 

21. Use of a functional fragment according to claim 20 for making a recombinant DNA construct. 

22. The use according to claim 21, wherein said fragment is a regulatory region normally located 
upstream or downstream of the open reading frame coding for GAPDH in Phaffia rhodozyma, 

35 

23. A method for obtaining a transformed Phaffia strain, comprising the steps of 

(a) contacting cells or protoplasts of a Phaffia strain with recombinant DNA under conditions 
conducive to uptake thereof, 
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said recombinant DNA comprising a transcription promoter and a downstream sequence to be 
expressed in operable linkage therewith, 

(b) identifying Phaffia rhodozyma cells or protoplasts having obtained the said recombinant 
DNA in expressible form, 
5 wherein the recombinant DNA is one according to any one of the preceding claims. 

24. A method according to claim 23, comprising the additional step of providing an electropulse 
after contacting of Phaffia cells or protoplasts with the said recombinant DNA. 

10 25. A transformed Phaffla strain obtainable by a method according to any one of the preceding 
claims, said strain, upon cultivation, being capable of expression of the said downstream sequence, as a 
consequence of transformation with the said recombinant DNA. 

26. A transformed Phaffia strain according to claim 25, wherein the said downstream sequence 
15 codes for a pharmaceutical protein. 

27. A transformed Phaffia strain according to any one of claims 24 to 26, wherein the said Phaffia 
strain contains at least 10, preferably at least 50, copies of the said recombinant DNA integrated into its 
genome. 

20 

28. An isolated DNA sequence coding for an enzyme involved in the carotenoid biosynthetic 
pathway of Phaffia rhodozyma. 

29. An isolated DNA sequence according to claim 28, wherein said enzyme has an activity selected 
25 from isopentenyl pyrophosphate isomerase activity, gcranylgcranyl pyrophosphate synthase activity, 

phytoene synthase activity, phytoene desaturase activity and lycopcne cyclase activity. 

30. An isolated DNA sequence coding for an enzyme having an amino acid sequence selected from 
the one represented by SEQIDNO: 13, SEQIDNO: 15, SEQIDNO: 17, SEQIDNO: 19, SEQIDNO: 21 or 

30 SEQIDNO: 23. 



31. An isolated DNA sequence coding for a variant of an enzyme according to claim 30, said 
variant being selected from (i) an allelic variant, (ii) an enzyme having one or more amino acid 
additions, deletions and/or subsitutions and still having the stated enzymatic activity. 

32. An isolated DNA sequence encoding an enzyme involved in the carotenoid biosynthesis pathway 
selected from: 

(i) a DNA sequence as represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 16 SEQIDNO: 18; 
SEQIDNO: 20, or SEQIDNO: 22, 
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(ii) an isocoding variant of the DNA sequence represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 
16. SEQIDNO: 18, SEQIDNO: 20 or SEQIDNO: 22; 

(iii) an allelic variant of a DNA sequence as represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 
16, SEQIDNO: 18; SEQIDNO: 20 or SEQIDNO: 22; 

5 (iv) a DNA sequence capable, when bound to nitrocellulose filter and after incubation under hybridising 
conditions and subsequent washing, of specifically hybridising to a radio-labelled DNA fragment having 
the sequence represented in SEQIDNO: 12, SEQIDNO: 14, SEQIDNO: 16, SEQIDNO: 18, SEQIDNO: 
20 or SEQIDNO: 22, as detectable by autoradiography of the filter after incubation and washing, 
wherein said incubation under hybridising conditions and subsequent washing is performed by incubating 

0 the filter-bound DNA at a temperature of at least 50*>C, preferably at least in the presence of a 

solution of the said radio-labeled DNA in 0.3 M NaCl. 40 mM Tris-HCl. 2 mM EDTA, 0.1% SDS, pH 
7.8 for at least one hour, whereafter the filter is washed at least twice for about 20 minutes in 0.3 M 
NaCl, 40 mM Tris-HCI, 2 mM EDTA, 0.1% SDS, pH 7.8, at a temperature of 50«C, preferably at least 
55^C, prior to autoradiography. 

J 

33. Recombinant DNA comprising an isolated DNA sequence according to any one of claims 27 to 
32. 



34. Recombinant DNA according to claim 33, wherein said isolated DNA sequence is operably 
linked to a transcription promoter capable of being expressed in a suitable host, said isolated DNA 
sequence optionally being linked also to a transcription tenninator functional in the said host. 

35. Recombinant DNA according to claim 34, wherein said host is a Phqffia strain. 

36. Recombinant DNA according to any one of claims 33 to 35, wherein the transcription promoter 
is from a glycolytic pathway gene present in Phi^ia, 

37. Recombinant DNA according to claim 36, wherein said glycolytic pathway gene is a gene 
coding for Glyccraldehyde-3-Phosphate Dehydrogenase. 

38. Recombinant DNA according to any one of claims 33 to 35, wherein the transcription promoter 
is from a ribosomal protein encoding gene. 

39. Recombinant DNA according to any one of claims 33 to 35, wherein the transcription promoter 
comprises a region found upstream of the open reading frame encoding a protein as represented by one 
of the amino acid sequences depicted in any one of SEQIDNOs: 24 to 50. 
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40. Recombinant DNA according to any one of claims 27 lo 39, wherein said recombinant DNA 
comprises further a transcription terminator downstream from the said heterologous DNA sequence to be 
expressed, in operable linkage therewith, which terminator is a Phqffia transcription terminator. 

5 41. Recombinant DNA according to any one of claims 27 to 40, being in the form of a vector. 

42. Use of a vector according to claim 41 to transform a host. 

43. Use according to claim 19, wherein the host is a Phqffia strain. 

10 

44. A host obtainable by transformation, optionally of an ancestor, using a recombinant DNA 
according to any one of claims 27 to 41 . 

45. A host according to claim 44, which is a Phqffia strain, preferably a Phqffia rhodozyma strain. 

15 

46. A transformed Phqffia rhodozyma strain which is capable of overexpressing a DNA sequence 
encoding an enzyme involved in the carotenoid biosynthesis pathway. 

47. A transformed Phqffia rhodozyma strain according to claim 46, which produces tnreased 
20 amounts of astaxanthin relative to its untransformed ancestor. 

48. A method for producing an enzyme involved in the carotenoid biosynthesis pathway, by 
culturing a host according to claim 44 or 45, under conditions conducive to the production of said 
enzyme. 

49. A method for producing a carotenoid, characterised in that a host according to any one of 
claims 44 to 47 is cultivated under conditions conducive to the production of the carotenoid. 

50. A method according to claim 49, wherein the carotenoid is astaxanthin. 

30 

51. A method for producing a pharmaceutical protein by culturing a transfomied Phaffla strain 
according to claim 26 under conditions conducive to the production of the said protein. 

52. A method for the isolation of a promoter from a highly expressed gene in Phqffia, comprising 
35 the steps of: 

(a) making a cDNA library on mRNA isolated from a Phaffia strain grown under desired conditions; 

(b) determining (part oO the nucleotide sequence of the (partial) cDNAs obtained in step (a); 

(c) comparing the obtained sequence data in step (b) to known sequence data; 
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(d) cloning amplifying putative promoter fragments of the gene located either directly upstream of the 
open reading frame or directly upstream of the transcription start site of the gene corresponding to the 
expressed cDNA, and 

(e) verifying whether the promoter sequences obtained give high-level expression in a Phaffia strain, by 
5 expressing a suitable marker under the control of the promoter in a transformed Phaffia strain. 
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1 . Recombinant DNA comprising a transcription promoter and downstream region to 
be expl^essed where the transcription promoter comprises a region found 
upstream of a highly expressed Phaffia gene, method of transforming a Phaffia 
strain where the transcription promoter is from a glycolytic pathway gene, to 
express a downstream sequence, recombinant DNA thereof, including a selective 
agent and the transformed Phaffia strains : Claims 2. 3. 13. 36 and 37 {com- 
pletely} and Claims 1 . 6 to 1 4. 1 7 to 1 9. 22 to 27. 33 to 35 and 40 to 4fi and fi1 
{partially}. 

2. Recombinant DNA comprising a transcription promoter and downstream region to 
be expressed where the transcription promoter comprises a region found 
upstream of a highly expressed Phaffia gene, method of transforming a Phaffia 
strain where the transcription promoter is from a ribosomal protein, to express a 
downstream sequence, recombinant DNA thereof and the transformed Phaffia 
strains: Claims 4. 5. 15. 16. 38 and 39 {completely} and Claims 1.6 to 12. 14. 17 
to 1 9. 22 to 27. 33 to 35 and 40 to 45 and fii {partially}. 

3. An isolated DNA fragment comprising a Phaffia QAPDH-gene and use in the 
construction of a DNA construct: Claims 20 to 21 {completely} and Claim 22 
{partially}. 

4. An isolated DNA sequence coding for an enzyme involved in the carotenoid 
biosynthetic pathway of Phaffia rhodozyme and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA : Claims i. 6. 9 to 12. 14. 17 to 19. 23 to 
27, 39 tq 35 and4QtQ 50 {partially} 

5. An isolated DNA sequence coding for an enzyme involved in the carotenoid 
biosynthetic pathway of Phaffia rhodozyme, and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA, where the enzyme has isopentenyl pyro* 
phosphate Isomerase activity : Claims 1. 6. 9 to 12. 14. 17 to 19. 23 to 27. 28 

to 35 and 40 to 50 {partially} y 
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6. An isolated DNA sequence coding for an enzyme involved in the carotenold 
biosynthetic pathway of Phaffia rhodozyme, and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA, where the enzyme has geranylgeranyl 
pyrophosphate synthase activity : Claims 1 . 6. q tn 12. 14. 17 to 19. 23 to 27. 
pa tn 35 and 40 to 50 {partially) 

7. An isolated DNA sequence coding for an enzyme involved in the carotenoid 
biosynthetic pathway of Phaffia rhodozyme and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA, where the enzyme has phytoene sythase 
activity : niaims 1. 6. 9 to 12. 14. 17 to 19. 23 to 27. 28 to 35 and 40 to 50 

{partially} 

8. An isolated. DNA sequence coding for an enzyme involved in the carotenoid 
biosynthetic pathway of Phaffia rhodozyme and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA. where the enzyme has phytoene 
desaturase activity - niaims i. 6. 9 to 12, 14. 17 to 19. 23 to 27, 28 to 35 and 40 
to 50 {partially} 

9. An isolated DNA sequence coding for an enzyme involved in the carotenoid 
biosynthetic pathway of Phaffia rhodozyme and recombinant DNA comprising a 
transcription promoter and the downstream region to be expressed codes for an 
enzyme involved in the carotenoid biosynthesis pathway and the transformed 
Phaffia strains comprising said DNA where the enzyme has iycopene cyclase 
activity : niaims 1 , 6. 9 t o 1 2. 14. 17 to 1Q- 23 to 27, 28 to 35 and 40 to 5Q 
{partially} 
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